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Summary

A design guide for head-up displays (HUDs) has been prepared
to assist the HUD engineer by providing in one source a list of
design criteria for HUDs. The criteria are based on a review of
existing HUD specifications and HUD research.
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DESIGN GUIDE FOR HEAD-UP DISPLAYS (HUDs)

FOR FIXED-WING AIRCRAFT

I. PURPOSE AND SCOPE

A. PURPOSE

This document presents recommendations for the general design and
performance for fixed-wing aircraft head-up displays (HUDs).

B. SCOPE

These recommendations are applicable to HUD systems which display
flight information in virtual images in the pilot's forward field
of view. They do not address devices for peripheral vision or
helmet mounted displays worn by the pilot.

HUD systems considered will include those displays used fox rou-
tine flying maneuvers, for all-weather instrument landing, for
weapons delivery, and for other specialized uses. This HUD de-
sign guide is intended for all fixed-wing aircraft, tactical,
transport, and specialized mission aircraft. Where appropriate,
recommended values will be shown for each type of aircraft.

C. GENERAL

HUD systems are intended to provide the pilot with a display to
enable him to view real world cues in conjunction with on board
flight information. This combination of real world cues and ar-
tificial cues requires displays which are collimated at infinity
and have an adequate field-of-view (FOV) for the intended opera-
tion. These displays will be used for aircraft control, hence it
is essential that the symbols shown on the HUD be appropriate for
flying the aircraft and be compatible with the real world cues.
While the discussions refer to pilots and imply the use of HUDs
for flight guidance and control, most of the recommendations ap-
ply to HUDs used by other crew members.

D. SOURCES OF RECOMMENDATIONS

These recommendations are based on characteristics of HUDs found
in the past to have desirable characteristics based on pilot
opinion. They are also based on HUD research where germane to
the issues.
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II. DEFINITIONS

A. GENERAL DEFINITIONS

1. HEAD-UP DISPLAY (HUD): The HUD is a display which projects
collimated symbol imagery into the pilot's forward field of
view. The technique results in the combination of flight
control information possibly combined with weapon delivery
cues and external visual cues from the scene normally viewed
through the windshield. Several modes may be available.
Video formats may also be displayed, such as low level light
television, forward looking infrared (FLIR), or radar signals
along with the symbology.

2. QUANTITATIVE INFORMATION: Quantitative information is infor-
mation presented by a display in a manner which permits the
display user to observe or extract a numerical value associ-
ated with the information.

3. QUALITATIVE INFORMATION: Qualitative information is informa-
tion presented by a display in a manner which permits the
display user to assess the status of the information or to
control some parameter without requiring attention to a nu-
merical value.

4. ANALOG INFORMATION: Analog information is information pre-
sented by a display in a manner which shows the value as a
continuous movement of a symbol.

5. ALPHANUMERIC INFORMATION: Alphanumeric information is infor-
mation presented by a display as letters and numbers.

a. DIGITAL INFORMATION: Digital information is quantitative
information presented by a display as numerical digits.

6. COMMAND INFORMATION: Command information is information pre-

sented by a display in a manner which directs a control ac-,it i on.

7. ERROR INFORMATION: Error information is information present-
ed by a display in a manner which permits the display user to
assess the deviation of some parameter from its desired value
without requiring attention to a numerical value.

8. DISCRETE INFORMATION: Discrete information is information
presented by a display which can only have a -mall number of
possible values.

9. PREDICTIVE INFORMATION: Predictive information is informa-
tion presented by a display which predicts future status,
condition or position of the aircraft, an aircraft system, or
a subsystem.
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10. STATUS INFORMATION: Status information is information deal-
ing with the current condition of the aircraft, an aircraft
system, subsystem, or the aircraft surroundings.

11. WARNING INFORMATION: Warning information is information pre-
sented by a display which is intended to call the pilot's at-
tention to abnormal or emergency conditions.

12. CONFORMAL DISPLAY: A conformal display is one in which the
symbols, when viewed through the HUD, appear to overlie the
objects they represent.

13. CONTACT ANALOG: A contact analog display is a conformal dis-
play which is a presentation of the real world.

14. SCALE COMPRESSION: Scale compression refers to a display
where an angle within the display corresponds to a greater
angle in the real world.

a. PITCH SCALE COMPRESSION: Pitch scale compression refers
to a display in which the pitch and heading angles are
compressed, but roll angles are not. Such a display can
not bo conformal.

15. DIRECTED DECISION CUE: A directed decision cue is a specific
annunciation directing the pilot to a specific action, such
as "SHOOT," "GO-AROUND," or "BREAKAWAY."

16. MODE: A mode is the operational state of the display: A se-
lected group of display format'.', input selections, and pro-
cessing algorithms.

17. SYMBOL: A symbol is a representation of information.

1. CODING CHARACTERISTICS: Coding characteristics are readily
identifiable attributes associated with a symbol by means of
which symbols can be differentiated; i. e. size, shape, col-
or, etc.

19. PRIMARY VISUAL SIGNAL AREA (PVSA): The primary visual signal
area (PVSA) is the area of the instrument panel enclosed by
12 inch arc centered on the intersection of the crewmember's
vertical centerline plane and the top of the instrument panel
(AFSC-DH-2-2).

20. MUST, SHOULD, ETC.: "Must" implies an absolute necessity for
compliance. "Should" implies a necessity for compliance un-
less an operational need for non-compliance can be shown.
"Recommended" and "Highly Recommended" imply differing de-
grees of desirability to comply with requirements which are
not mandatory.



-4-

B. FLIGHT INFORMATION DEFINITIONS

1. PITCH REFERENCE FRAME: One or more symbols which represent
fixed angles in space. These symbols are used as references
for aircraft pitch and velocity vector symbols.

a. HORIZON LINE: A reference symbol shown on the HUD which
represents zero pitch (the local horizontal) or the loca-
tion of the real world horizon.

b. PITCH LADDER: A set of pitch reference symbols showing
increments of angles to the horizon.

c. PITCH INDEX: A symbol on the HUD positioned at a prede-
termined pitch angle used to represent a desired velocity
vector, flight path angle, or a desired pitch attitude.

2. FIXED AIRCRAFT REFERENCE (THETA): The fixed aircraft refer-
ence symbol which represents an extension of the fuselage
reference line (FRL) or other longitudinal aircraft reference
line (ACRL). The symbol indicates relative pitch and roll
angles of the aircraft when compared to the horizon (either
artificial or real world) or to a displayed pitch ladder. It
is sometimes called the waterline.

3. VELOCITY VECTOR (GAMMA): The velocity vector is the linear
projection of the aircraft velocity originating at the air-
craft center-of-gravity or some other well-defined location
on the aircraft. (The use of a location forward of the air-
craft center-of-gravity is often used to provide pitch rate
quickening to the velocity vector symbol.) Some HUD systems
refer to the velocity vector as the flight path marker.

a. AIR MASS VELOCITY VECTOR: The air velocity vector is the
linear projection of the aircraft velocity through the
air mass. The inverse of this vector is the relative
wind.

b. INERTIAL VELOCITY VECTOR: The inertial velocity vector
is the linear projection of the aircraft velocity rela-
tive to the ground. It is sometimes called the ground-
referenced velocity vector.

c. FLIGHT PATH ANGLE: The velocity vector component projec-
ted on the plane defined by the aircraft FRL (or ACRL)
and the aircraft vertical axis. It is the velocity vec-
tor constrained laterally.

i AIR MASS FLIGHT PATH ANGLE: The flight path an-
gle defined using the air mass velocity vector.

ii INERTIAL FLIGHT PATH ANGLE: The flight path an-
gle defined using the inertial velocity vector.
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iii GHOST VELOCITY VECTOR: For those HUDs which al-
low the pilot to select either velocity vector or
flight pati angle (i. e. to "cage" the velocity
vector), the ghost velocity vector shows the lo-
cation of the velocity vector when flight path
angle is selected.

4. POTENTIAL FLIGHT PATH (PFP): A cue, normally calculated from
longitudinal aircraft acceleration which shows the velocity
vector achievable for the aircraft by balancing existing
thrust and drag.

5. ANGLE OF ATTACK (ALPHA): The angle of attack is the angle
between an aircraft longitudinal reference (FRL or ACPL) and
the air velocity vector projected on the plane defined by the
aircraft longitudinal reference (FRL or ACRL) and the air-
craft vertical axis.

6. AIRSPEED: The magnitude of the speed with which the aircraft
moves through the air.

a. INDICATED AIRSPEED (IAS): Indicated airspeed is the
speed calculated from the dynamic pressure of the impact
air pressure from the pitot-static system. IAS is uncor-
rected for position error.

b. CALIBRATED AIRSPEED (CAS): Calibrated airspeed is IAS
corrected for pitot-static system position error.

c. TRUE AIRSPEED (TAS): True airspeed is the actual air-
craft speed through the air mass.

d. MACH NUMBER: The Mach number is the ratio of the TAS to
the ambient speed of sound.

7. ALTITUDE: Altitude is the height of the aircraft above sea
level or some other reference.

a. BAROMETRIC ALTITUDE% Barometric altitude is the altitude
calculated from measuring the ambient static pressure
through the pitot-static system.

b. RADAR ALTITUDE: Radar altitude is the altitude above the
terrain measured from the time for a radar signal to re-
turn. It is sometimes called radio altitude.

8. VERTICAL VELOCITY: Vertical velocity is the rate of ascent
or descent, usually calculated from the rate of change of
barometric altitude. It is sometimes called vertical speed
in civilian operations.

9. HEADING: The horizontal angle made by the longitudinal ref-
erence (FRL or ACRL) with a reference direction.

-
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a. MAGNETIC HEADING: The horizontal angle made with magnet-
ic north.

b. TRUF HEADING: The horizontal angle made with true north.

c. GRID HEADING: The horizontal angle made with grid north.

10. BANK: The angle between local vertical and the plane defined
by the aircraft's vertical and longitudinal axes.

11. ANGLE OF SIDESLIP (BETA): The angle of sideslip is the angle
between the aircraft longitudinal reference (FRL or ACRL) and
the air velocity vector projected on the plane defined by the
aircraft longitudinal reference and the aircraft lateral ax-
is. BETA is the left-right equivalent of ALPHA.

12. NORMAL LOAD FACTOR: Normal load factor is the ratio of the
lift to the aircraft weight.

C. NAVIGATION INFORMATION DEFINITIONS

1. DEVIATION: An indication of aircraft displacement (left-
right, up-down) from a desired track.

a. COURSE DEVIATION: An indication of aircraft displacement
(left-right) from a desired track (VOR or TACAN radial,
ILS or MLS localizer, INS track, etc.).

i ROLLOUT GUIDANCE: An indication of aircraft dis-
placement (left-right) from the runway centerline
used for instrument takeoffs and low visibility
landings.

b. VERTICAL DEVIATION: An indication of aircraft displace-
ment (up-down) from a desired track (ILS or MLS glide-
slope, target altitude. etc.).

c. STEERING BOX: An indication of aircraft displacement
(left-right, up-down, or both) from a desired track.
Normally shown as a box or circle, the steering box shows
the displacement compared to a maximum or nominal dis-
placement (such as the ILS Category II limits).

2. FLIGHT DIRECTOR: Flight director information is single, du-
al, or multiple axis steering command information which, when
followed, will place the aircraft on a trajectory to inter-
cept and maintain a preselected computed path through space.

a. LATERAL STEERING COMMAND: A single axis steering command
which, when followed, will place the aircraft on a tra-
jectory to intercept and maintain a preselected computed
ground track.
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i ROLLOUT STEERING COMMAND: A lateral steering
command which, when followed during the take-
off or landing ground roll, will place the
aircraft on a trajectory to intercept and
maintain the runway centerline.

b. VERTICAL STEERING COMMAND: A single axis steering com-
mand which, when followed, will place the aircraft on a
trajectory to intercept and maintain a preselected verti-
cal flight path (ILS or MLS glideslope, target altitude,
etc.).

c. COMBINED STEERING COMMAND: A multiple axis steering com-
mand which, when followed, will place the aircraft on a
trajectory to intercept and maintain a preselected com-
puted path through space.

d. SPEED COMMAND: A steering command which, when followed,
will cause the aircraft to maintain a desired airspeed.

3. WAYPOINT: A symbol depicting the location of a particular
ground point.

a. RUNWAY SYMBOL: A symbol depicting the location of the
runway.

4. DIRECTION CUE: A symbol depicting the location of a particu-
lar line of position (LOP). LOPs include VOR or TACAN radi-
als, runway centerline extensions, INS track, etc.

5. RANGE: A symbol showing the distance (usually in nautical
miles) to a specified waypoint, ground location, or target.

a. DME: A symbol showing the distance in nautical miles to
a TACAN or DME navigation station.

b. RUNWAY DISTANCE REMAINING: A symbol showing the distance
in feet (or meters) to the end of the runway.

6. TIME TO GO: A symbol showing the time to a preselected way-
point, ground location, or target.

7. FLARE CUE: A symbol indicating the desired vertical flight
path during the landing flare. The flare cue is usually a
vertical steering comnand.

D. WEAPONS INFORMATION DEFINITIONS

1. AIMING RETICLE: A symbol used as a weapon aiming cue.

a. STANDBY RETICLE: A symbol used as a manual weapon aiming
cue. The standby reticle is a backup display intended
for use in the event of HUD or other system failure.
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2. BOMBFALL LINE: A symbol indicating the approxirm te trajec-
tory of a weapon following release.

3. BREAKAWAY SYMBOL: A symbol displayed at minimum weapon re-
lease range and/or reaching the minimum safe pullout altitude
during air-to-ground weapon delivery. It indicates the need
for an immediate pullup of the aircraft.

4. CONTINUOUSLY COMPUTED IMPACT LINE (CCIL): A symbol used to
display the locus of bullet impact points, usually with bul-
let time-of-flight points indicated.

5. CONTINUOUSLY COMPUTED IMPACT POINT (CCIP): A symbol indicat-
ing the predicted impact point of a weapon.

6. PULLUP CUE: A symbol used to indicate an approaching pullup
requirement during air-to-ground weapon delivery.

7. SENSOR SEARCH AREA: A symbol showing the areas of weapon
sensor (radar, FLIR, etc.) coverage.

8. SOLUTION CUE: A symbol indicating a release solution for a

computed weapon delivery.

9. TARGET INFORMATTON:

a. TARGET DESIGNATOR: A symbol showing the location of the
target.

b. TARGET RANGE: A symbol showing the range to the target.

c. TARGET RANGE RATE: A symbol showing the rate of change
of the target range.

d. TARGET ASPECT: A symbol indicating the orientation of
the target vehicle (aircraft, ship, or ground vehicle).

10. WEAPON BORESIGHT: A symbol indicating the weapon boresight 4

axis.

E: HEAD-UP DISPLAY DEFINITIONS

1. PILOT DISPLAY UNIT (PDU): The assembly which consists of the
image source, the collimator, and the combiner.

1V

a. IMAGE SOURCE: The component which provides the optical
origin of the symbology, such as a cathode ray tube (CRT)
screen, laser source, etc.

b. COMBINER: A component located in the pilot's forward
field of view which provides superposition of the sym-
bology on the external field of view.
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i FIXED COMBINER: A combiner fixed in the pilot's
view.

ii STOWABLE COMBINER: A combiner that can be de-
ployed for use or retracted out of view.

iii WINDSHIELD COMBINER: An area of the windshield
which functions as the combiner.

iv MONOCULAR COMBINER: A combiner intended to be
viewed with one eye.

c. COLLIMATOR: The optical components used to collimate the
display image. (Note: The combiner often contributes to
the collimation.)

i REFRACTIVE COLLIMATOR: A collimator using only
lenses for collimation, i. e. using the principle
of refraction. These are sometimes referred to
as "conventional" collimators.

ii REFLECTIVE COLLIMATOR: A collimato- using mir-
rors (perhaps in conjunction with lenses) for
collimation (and often for superposition as
well), i. e. using the principle of reflection.
These are sometimes referred to as "conventional"
collimators.

iii DIFFRACTION COLLIMATOR: A collimator using one
or more diffraction gratings for collimation (and
often for superposition as well). Since the dif-
fraction gratings are usually prod,.ed using hol-
ograms, these are sometimes referred to as "holo-
graphic" collimators.

2. ELECTRONIC UNIT (EU): The assembly which consists of the
signal processor, the symbol generator, and the display elec-
tronics. These may be combined into fewer physical units or
they may be merged with other systems.

a. SIGNAL PROCESSOR: The electronic unit which performs any
calculations, filtering, etc. of the raw data to generate
parameters to be displayed. An example, would be the
calculation of inertial velocity vector from the raw data
of three velocities from the inertial platform.

b. SYMBOL GENERATOR: The electronic unit which generates
the actual symbols to be displayed on the HUD.

c. DISPLAY ELECTRONICS: The electronic unit which produces
the visible image of the symbols and which monitors the
symbols.
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3. DISPLAY CONTROL PANEL (DrOP): The assembly which houses the
HUD controls, such as b-.ightness, mode selection, etc.

F. OPTICAL DEFINITIONS

1. CONTRAST RATIO: The ratio of display symbology brightness to
the external visual cue brightness. Contrast ratio must spe-
cify the ambient brightness level.

2. DISPLACEMENT ERROR: The difference in apparent position of a
real world visual cue caused by optical effects (such as re-
fraction) when viewed through the combiner.

3. DISTORTION: Variation in apparent geometry of real world ob-
jects when viewed through the combiner.

4. EXIT APERTURE: The area of the optical display at the exit
of the collimator.

5. EYEBOX: A three dimensional envelope from which the HUD sym-
bology may be viewed.

6. EYE REFERENCE POSITION (ERP): The location of the pilot's
eye used to calculate fields of view and to make other com-
parisons between HUDs.

a. DESIGN EYE REFERENCE POSITION (DERP): The location of
the pilot's eye used in the design of the HUD.

b. ALERT EYE POSITION (AERP): The location of the pilot's
eye when he is looking for critical external visual cues.
It is usually assumed to be somewhat forward of the DERP.

7. FIELD-OF--VIEW (FOV): The spatial angle in which the symbol-
ogy can be displayed measured laterally and vertically.

a. INSTANTANEOUS FIELD-OF-VIEW (IFOV): The spatial angle in
which the symbology is visible from a single eye posi-
tion. It is the spatial angle of the collimator exit
aperture as seen from the eye.

i MONOCULAR IFOV: The spatial angle in which the
symbology is visible viewed from a single eye
(left eye, right eye, or single ERP) position.

ii OVERLAPPING BINOCULAR (AMBINOCULAR) IFOV: The
envelope of both left and right eye monocular
IFOVs. This is the field-of-view visible to ei-
ther eye. Called ambinocular IFOV by some au-
thorities and binocular IFOV by others. The use
of the adjective "overlapping" is reccmmended.
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iii SIMULTANEOUS BINOCULAR IFOV: The envelope within
the overlapping binocular IFOV which is common to
both left and right eye monocular IFOVs. The FOV
in which the symbology is visible to both eyes
simultaneously. Called binocular IFOV by some
authorities. The use of the adjective "simultan-
eous" is recommended.

b. TOTAL FIELD-OF-VIEW (TFOV): The spatial angle in which
the symbology can be viewed from within the total viewing
cone or wedge. The area covered by the IFOV may not be
the entire display. By moving his head, the pilot may be
able to see more symbology. The TFOV represents the tot-
al symbology available by moving the ERP.

c. KNOTHOLE EFFECT: The apparent limitation of the TFOV by
the exit aperture sometimes leads to the expression
"knothole effect." This is an analogy of the TFOV which
is the world beyond the "knothole" and the IFOV is the
"knothole." By shifting one's eye, the view of the real
world beyond the "knothole" can be viewed, even though
not all at once.

8. LINE WIDTH: The width at 50 percent of peak luminance of the
line luminance distribution

9. TRANSMITTANCE OF COMBINER: The percent of ambient light from
an external source passing through the combiner. The wave-
length spectrum of the light from the external source must be
specified. Normally, the spectrum of sunlight is assumed.

10. VISUAL DISPARITY: The difference in apparent position of an
image as presented to each eye. Sometimes referred to as
"binocular" disparity. Disparity can be divided into verti-
cal and horizontal components. The horizontal component can
be described as convergent or divergent. These terms de-
scribe the view from the eye, i. e. convergent disparity
means the optical rays appear to the pilot to emanate from a
point nearer than optical infinity. Divergent disparity
means that the rays appear to emanate from a point further
than optical infinity.

G. SYSTEMS DEFINITIONS

1. CERTIFICATION AUTHORITY (CA): The agency (or its delegate)
with the authority to determine airworthiness of the system.
In the case of civil aircraft, this agency is the Federal
Aviation Administration (FAA) or its foreign equivalent. In
the case of public or military aircraft, this agency is the
appropriate government or military organization. The CA will
be responsible for minimum or maximum acceptable values for
many of the HUD system specifications.



-12-

2. USER ORGANIZATION (UO): The organization responsible for is-
suing the final HUD system specification and which will be
the ultimate user of the equipment. For civil aircraft, this
will normally be the operator of the aircraft. In the case
of military or public aircraft, it is the appropriate organi-
zation which will fly the aircraft. The UO will have the
final decision on specifications based on the recommendations
contained in this document, subject to the airworthiness re-
quirements set by the CA. Note: For military and public air-
craft, the CA and the UO may be the same organization.

3. PRIMARY FLIGHT REFERENCE (PFR): A display which displays in-
formation sufficient to maneuver the aircraft about all three
axes and accomplish a mission segment (such as takeoff or in-
strument approach). The amount of data displayed obviously
depends on the mission segment to be performed. As a guide,
the data displayed in the basic "T," i. e. airspeed, pitch
attitude, altitude, heading, and lateral deviation (or their
substitutes) should be displayed in a primary flight refer-
ence. Other data which is critical for immediate use, such
as glideslope deviation during a precision instrument ap-
proach, should be included for those mission segments where
it is required. A PFR must have at least the reliability
specified by the CA.

4. RELIABILITY TERMS: The definitions of some reliability
terms, such as "extremely improbable," etc., will be speci-
fied by the certification authority.

a. EXTREMELY IMPROBABLE: For civil aircraft, extremely im-
probable means less than once per billion hours (FAA-AC -
25.1309-1). For military aircraft, extremely improbable
means that the probability of occurrence cannot be dis-
tinguished from zero and that it is so unlikely that it
can be assumed that this hazard will not be experienced
in the entire fleet (MIL-STD-882C).

b. FAIL-PASSIVE: A flight control system is "fail-passive"
if a single failure will cause a system disconnect leav-
ing the airplane in trim with no control hardover (FAA-
AC-120-28A).

c. FAIL-OPERATIONAL: A flight control system is "fail-oper-
ational if a single failure will allow the system to con-
tinue operation with no loss in performance (FAA-AC-120-
28A).

5. TYPES OF AIRCRAFT

a. CIVIL AIRCRAFT: An aircraft not operated by a govern-
mental body.

b. PUBLIC AIRCRAFT: An aircraft operated by a governmental
body including a military organization.
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c. TACTICAL AIRCRAFT: An aircraft defined as Class IV in
MIL-F-8785C. Tactical aircraft will also include primary
and basic training aircraft for the purposes of this doc-
ument.

d. TRANSPORT AIRCRAFT: An aircraft defined as Class III in
MIL-F-8785C.

'h

1
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III. SYST4EM CHARACTERISTICS

A- PARTS AND MATERIALS

The materials and processes used in the construction of the HUD
system should conform to accepted aeronautical practices. Lim-
ited life p,-rts, except for CRTs. should be avoided.

B. DESIGN AND CONSTRUCTION

1. WEIGHT: The weight of HOD components should be kept to the
minimum commensurate with design objectives. Handles or
grasp surfaces should be provided on all line replaceable
units (LRUs) that are heavy or that are difficult to grasp,
remove, or carry.

2. CABLING AND CONNECTIONS: The wiring connections of the HUD
system should conform to MIL-W-5088H or other appropriate
civil cabling standards. Connectors should be provided with
a positive index to prevent misconnection.

All HUD systems must be provided with a wiring interface dia-
gram defining the system inputs, outputs, and power 3upply
requirements.

3. INTERCHANGEABILITY: All HUD parts having the same part num-
ber should be interchangeable with each other with respect to
installation and performance. Software interchangeability
should conform to the requirements of DOD-STD-2167 or RTCA-
DO-178.

4. ELECTROMAGNETIC INTERFERENCE (EMI): The HUD system is essen-
tially no different with respect to EMI than any other elec-
tronic system. The HUD should not be susceptible to inter-
ference from other aircraft systems, considering both inter-
ference of signal sources to the HUD and disturbances to the
aircraft power system. The HUD in turn must not be a source
of EMI to other critical aircraft systems,

Since the HUD will interface with many other aircraft systems
as signal sources, it should be demonstrated that these in-
terfaces have no deleterious effects on those systems or

their outputs.

I
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5. MAINTAINABILITY: The HUD system should be designed for main-
tainability. The design of the equipment should provide for
easy access i-o internal parts, terminals, and wiring. All
modules, connectors, adjustment or alignment controls, and
test points should be marked or identified. The design
should be such that it is impossible to incorrectly install a
module in the unit. All alignment or adjustment controls
should be accessible with a minimum of need to remove the
system or assembly from the aircraft. Scheduled maintenance
should be limited to periodic cleaning of exposed optical
surfaces, replacement of a CRT, or servicing of optical des-
iccant material.

6. NOMENCLATURE, NAMEPLATES, AND IDENTIFICATION MARKINGS: Nom-
enclature. serial number assigrnent. and identification mark-
ing should conform to MIL-N-7513, MIL-P-15024, FAA-AC-21.303-
1A, or other appropriate military or civil standard.

7. ENVIRONMENTAL CONDITIONS: The HUD system should be designed
to the environmental conditions specified in RTCA-DO-160A or
MIL-E-5400. Relaxation of performance standards is often al-
lowed during initial warm-up at very cold temperatures or
during the firing of aircraft guns.

8. INPUT ELECTRICAL POWER: HUD systems must normally operate on
400 Hz, 115 V AC and 28 V DC power or as specified by the UO.
The power supplied should conform to MIL-STD-704D. The power
required should not exceed the amount specified by the UO.
The standby reticle, if installed, should have a power supply
independent from the other HUD power supply.

9. HUMAN ENGINEERING: The HUD system should be designed and de-
veloped with the objectives of enhancing the man-machine in-
terface. MIL-STD-1472 provides criteria for the application
of human engineering principles and procedures.

10. SOFTWARE ENGINEERING: The HUD system software should be de-
veloped in accordance with the criteria of DOD-STD-2167 or
RTCA-DO-178.

11. COOLING RMUIREMENTS: The HUD cooling requirements must be
specified for each aircraft installation. Cooling failure
should not cause HUD loss. Overheating of the HUD system
should be annunciated to the crew.

12. WARM-UP TIME: The HUD equipment should be functionally oper-
ational and conform to all accuracy and performance require-
ments within two minutes of being switched on at any condi-
tion within the environmental envelope specified. Power
transients of up to ten seconds should not require re-warm-up
for periods longer than the power loss.
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C. INSTALLATION CRITERIA

1. PDU MOUNTING: Mounting of the PDU or PDU components must be
such that the display accuracy and readability is not degrad-
ed by the environmental conditions normally expected in
flight.

a. MOUNTING: The mounting of the PDU or PDU components
should be designed to withstand the vibration, turbu-
lence, maneuvering, and pressurization loads expected in
service. The PDU mounting should provide for both later-
al optical and vertical optical adjustments.

The EDU should make the least practicable interference
with mounting the primary head-down flight instrument in
the PVSA. As a design goal, the PDU should not interfere
with mounting the primary head-down flight instrument in
the PVSA.

b. REPLACEMENT: Replacement of the PDU should not require
optical adjustment.

c. STOWABILITY: If a stowable combiner is used, it should
be easily stowed by the pilot with his restraint system
fastened (shoulder harness locked). There must be a pos-
itive means to ensure that the combiner is fully deployed
before symbols are displayed.

d. HAZARDS: The PDU must not introduce hazards of high
voltage, radiation, or blinding during use.

e. EGRESS: The PDU must not interfere with crew escape, in-
cluding bailout or ejection seat use, if appropriate.
Minor infringement on the ejection plane (defined in MIL-
STD-1333A) may be tolerated if this infringement is con-
fined to the central portion of the panel and does not
create an unacceptable risk to pilots during ejection.

f. CRASHWORTHINESS: Protruding parts of the PDU should in-
corporate impact protection for the crew, such as the use
of fold-away or break-away structures or padded struc-
tures.

g. EXTERNAL LIGHT: HUDs designed for use in combat aircraft
(including transports) should not be visible from outside
the aircraft during night operations.

h. COMBINER WINDLOADS: For aircraft in which the front part
of the canopy is removed prior to ejection, the combining
glass and its mounting structure must withstand without
breakage the wind loading and temperature differential
associated with the sudden removal of the canopy in
flight. This requirement is imposed to avoid injuries to
the pilot from combiner debris during an ejection.
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i. BIRD STRIKE: The design of the combiner should consider
canopy or windshield deflection during a birdstrike. If
the canopy or windshield could contact the combiner dur-
ing a birdstrike, the combiner and its mounting should be
designed to prevent large, sharp, or high velocity frag-
ments from injuring the pilot when the combiner is struck
along its upper edge.

j. RECORDING CAPABILITY: The PDU should be designed with
the ability to install a camera to record the visual
scene through the combiner and the HUD symbology.

2. HUD CONTROLS

a. SPECIFIC CONTROLS

i HUD ON/OFF SWITCH% The HUD must incorporate an
on/off switch to completely remove power from the
unit (except power to the standby reticle, if in-
stalled). This switch can be included with the
brightness control provided a suitable detent is
used. If a stowable combiner is used, the on/off
iwitch may be incorporated with the stowing/un-
stowing of the combiner.

ii BRIGHTNESS: The HUD must have a manual bright-
ness control, an automatic brightness control (if
specified by the user), and a manual standby ret--
icle brightness control (if a standby reticle is
installed).

(a) MANUAL BRIGHTNESS: The manual brightness
control should continuously vary the intensi-
ty of all symbols from zero to full intensi-
ty.

(b) AUTOMATIC BRIGHTNESS: With automatic bright-
ness on, the brightness control should track
the ambient light level to maintain a con-
stant contrast ratio. For an increase in am-
bient brightness as detected by the light
sensor, there will be an associated increase
in display intensity to maintain a constant
contrast ratio.

(c) STANDBY RETICLE BRIGHTNESS: The standby ret-
icle brightness control should continuously
vary the standby reticle intensity from zero
to full intensity. It should incorporate a
detent to remove power from the standby reti-
cle. A separate power supply should be used
for the standby reticle.
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iii DECLUTTER SWITCH: A means of selectively remov-
ing symbols from the display should be provided.

iv MODE SELECTION: If automatic mode switching is
incorporated, it is highly recommended that a
manual mode selection switch be available to al-
low the pilot to over-ride the automatic selec-
tion.

v TEST SWITCH: A test switch should be provided to
allow the crew to initiate self-testing of the
HUD. This may be omitted if an automatic test
function is applied with initial power-up.

b. RELATION TO HEAD DOWN INSTRUMENTS: Controls ielated to
display parameters should, whenever possible, be combined
with those of the head-down instruments.

3. ELECTRICAL TRANSIENTS

a. ELECTRICAL OVERLOAD: The HUD system must contain over-
load protection devices for all internal power supplies.
These devices should automatically reset when the over-
load condition no longer exists.

b. POWER INTERRUPTIONS: The HUD should be designed to pro-
vide for monitoring of and pro.,er response to interrup-
tions of the primary electrical power. For isolated
short term power interrupts, the HUD should go blank for
the duration of the interrupt and restore the display
following reapplication of power.

c. UNDERVOLTAGE PROTECTION: The HUD system should not be
damaged by voltages below those speci ied in Section III
B 8 and should automatically resume normal operation when
the undervoltage condition no longer exists.

D. RELIABILITY

The HUD system should be designed to achieve the highest practi-
cal level of reliability. Design reliability should be deter-
mined using the methods and data of MIL-HDBK-217D.

1. PRIMARY FLIGHT REFERENCE: The system reliability for HUDs
intended to be used as primary flight references during
flight in instrument meteorological conditions (IMC) must be
at least that of the head down instruments. The system must
be designed such that the displaying of incorrect attitude
information is extremely improbable.

2. INSTRUMENT LANDING: The system reliability for HUDs intended
to be used as primary flight references during instrument ap-
proaches and landing will generally be much higher than for



-19-

other HUDs. The overall system reliability will be specified
by the UO or CA. Considerations should be given to incorpo-
rating fail-passive or fail-operational designs. The system
must be designed so that the displaying of incorrect attitude
or guidance data is extremely improbable.

3. NON-PRIMARY FLIGHT REFERENCE: The system MTBFs for HUDs not
intended to be used as primary flight references in IMC
should be specified by the UO.

E. DOCUMENTATION

The HUD system design should be documented by:

1. Design drawings, schematics, wiring diagrams (including in-
terfaces. see III. B. 2.), and parts lists;

2. Detail specifications;

3. Test procedures defining methods of verifying and evaluating
characteristics and performance;

4. Environmental test reports documenting design performance
over the full range of applicable environments;

5. Analyses verifying reliability, maintainability, and safety;

6. Software documentation described in DOD-STD-2167 or in RTCA-
DO-178.
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IV. OPERATIONAL SYSTEM CRITERIA

A. FIELD-OF-VIEW

The HUD should be designed and installed to meet all operational
requirements for the specific application. In particular, the
system should be designed to permit the pilot to look in normally
expected directions with minimal loss of symbology. The FOV
should be centered on the centerline of the pilot.

The pilot should not have to move his head to view the symbology.
In other words, the IFOV should include the major flight data
symbols in the HUD under normal viewing conditions. Head motion
has a tendency to cause or exacerbate spatial disorientation or
vertigo and the HUD must be designed to minimize this.

If the displayed flight information includes conformal ground
reference symbols, such as a runway or target symbol, the lateral
FOV should be sufficient to permit conformal viewing of the sym-
bols during all anticipated crosswinds. Runway symbols should be
conformal during crosswind approaches at the maximum approved
landing crosswind. The lack of adequate lateral FOV has been
identified as a major limitation during crosswind landings.

The FOV should be specified for each installation. Suggested min-
imum values of overlapping binocular IFOV are

Tactical aircraft: 17 deg vertical
20 deg lateral

Transport aircraft: 12 deg vertical
22 deg lateral

Suggested minimum values for TFOV are

Tactical aircraft 25 deg vertical
25 deg lateral

Transport aircraft 12 deg vertical
22 deg lateral

B. OPTICAL QUALITY

1. BRIGHTNESS: The brightness control should provide a suitable
contrast between symbols and external visual cues over the
range of ambient lighting conditions expected in service. In
the past, problems have been encountered during night opera-
tions where the HUD intensity could not be set low enough to
provide a comfortable display against a dark background. At
the same time, HUDs intended to be used to track aerial tar-
gets (such as air-to-air weapons targeting) should ensure
that the symbols can be easily seen against bright clouds.
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Unless specially enhanced, all symbols should be equally
bright. This does not preclude allowing different symbols'
brightness to be controlled independently. Aircraft master
warning or otr'er critical warning messages should appear ful-
ly bright when they first are chown in the HUD FOV, regard-
less of the brightness setting. Dimming or canceling these
messages in the HUD FOV should require some pilot action.

When set for manual operation, the HUD brightness should be
adjustable from zero to full intensity. In automatic, the
HUD brightness should track the ambient light level to main-
tain a constant (pilot selectable) contrast ratio. When in
automatic brightness, the HUD brightness should track the
background brightness with sufficient speed to avoid large
variations in contrast ratio. The pilot should have the ca-
pability to select manual brightness (i. e., A manual bright-
ness control is required; an automatic brightness control is
optional.)

a. DAYTIME BRIGHTNESSs A recommended daytime background
brightness is 10,000 FL (sunlit snow).

b. NIGHTTIME BRIGHTNESS: The minimum controllable bright-
ness should provide smooth control of HUD intensity at
very low ambient light levels (less than 15 FL). Some
HUDs have used a two position manual brightness control
with both a day and a night range of settings. This was
identified as a problem area in early CRT HUDs.

c. BRIGHTNESS VARIATIONS: The brightness of a uniform dis-
play should not vary significantly over the FOV.

2. COLOR: Colors should only be used where an improvement over
monochrome can be shown. Colors used should be consistent
with head-down instruments. Each color used must be assessed
for acceptable contrast against all likely background condi-
tions. (These two requirements may conflict, such as the
need to use blue to show pitch up which may not be visible
against the sky.) Color must not be the only discriminant.
In a degraded or monochromatic mode, a color display must re-
main legible and unambiguous. Color displays should have a
means for the pilot to select a monochromatic display.

hColors used in monochromatic HUDs must be specified for each
installation. Any color used should be assessed for accepta-
ble contrast against all likely background conditions. The
use of a P-43 phosphor has been found in the past to provide
acceptable contrast.

A night filter may be used to provide adequate control or ac-

ceptable contrast during night operations. Such a filter
should only be incorporated if an improvement over an unfil-
tered display can be demonstrated. Any night filter color
specification should be matched with the color specification

IL
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for the HUD itself. If night vision goggles (NVGs) are like-
ly to be worn in conjunction with HUD use, then the colors
used should also be compatible with the NVGs. Normally, a P-
43 phosphor and a narrow bandpass green filter will ensure
compliance with this paragraph.

3. COMBINER TRANSMITTANCE: The average transmittance of the
combiner to external light should be as high as practical.
Minimum values of combiner transmittance should be specified
for each installation. A suggested minimum value for combin-
er transmittance is

Combiner Transmittance: 70%
(based on ambient sunlight,
averaged over all wavelengths)

No credit for part-time use of the HUD should be allowed in
specifying combiner transmittance.

The combiner must not color the ambient light to produce mis-
leading color cues of real world objects.

4. COMBINER WORKMANSHIP AND CONSTRUCTION: The combiner shall be
free from defects which will affect the appearance of the
glass or which may affect its serviceability.

The entire periphery of the edges and the surface should be
gray-ground to reduce objectionable highlights (MIL-R-6771B).
The combiner edges and mounting can produce "accommodation
traps" which may defeat the purpose of collimating the HUD
image. For this reason, the combiner mounting should be as
unobtrusive as practicable.

5. DISPLACEMENT ERROR: When objects are viewed through the com-
biner, the combining glass should not cause real world ob-
jects to appear to be displaced significantly. Recommended
maximum displacement errors are

Within central 12 deg of FOV 0.6 mr
Within 12 to 24 annular FOV 1.2 mr
Beyond 24 deg annular FOV 2.0 mr

6. DISTORTION: The combiner should not discernibly distort real
world objects when they are viewed through it.

If the windshield or canopy is a major source of distortion,
the the symbol placement may be modified to allow conformal
symbols to overlie their real world equivalents when viewed
through the canopy.
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7. EYEBOX: The eyebox must contain the HUD DERP. Within the
eyebox, the optical specifications should be met. The mini-
mum size of the eyebox should be such to allow for reasonable
pilot head motion. Recommended minimum dimensions are

Tactical Aircraft:
Longitudinal: 4 in
Lateral: 4 in
Vertical: from 1 in below DERP

to highest practical
seating height.

Transport Aircraft:
Longitudinal: 4 in
Lateral: 4 in
Vertical: 2 in

If an AERP is specified, the eyebox must contain the AERP.

There should be a means provided to indicate the proper DERP
to the pilot while sitting in his seat. This may be accomp-
lished on the ground prior to flight (i. e., it is not neces-
sary to provide this indication in flight).

Specific consideration should be paid to the typical practice
of sitting as high as possible in tactical aircraft to maxi-
mize the external view. In these aircraft, the HUD DERP may
not be the aircraft DERP used to design the flight instru-
ments (MIL-STD-1333A). The HUD DERP will be specified by the
UO.

The HUD DERP for transport aircraft should be the DERP used
in the design of the flight instruments (MIL-STD-1333A or
SAE-ARP-268F).

8. FATIGUE: The HUD should be designed to minimize personnel
fatigue caused by viewing. The pilot should be able to view
the HUD while sitting comfortably in his normal sitting posi-
tion.

9. GLARE: Glare and other unwanted visual signals should be
minimized. Stray reflections from cockpit lights, from the
sun, moon, or external lights should not interfere with the
use of the HUD, with the view of real world objects, or in-
terfere with other crewmembers not using the HUD. (For HUDs
intended for use as PFRs, replace "should not" with "must
not. ")

Multiple reflection combiners should only be installed if
necessary since they can be a source of stray reflections.
There should be no secondary real world images visible over
the entire FOV when viewed from within the eyebox. Solar im-
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ages should be held to a maximum intensity of 2.5 percent
with 0.5 percent as a design goal.

10. MULTIPLE IMAGES: There should be no secondary symbology im-
ages visible over the entire FOV when viewed from within the
eyebox. (For HUDs intended for use as PFRB, replace "should"
with "must.") Care must be taken to avoid unwanted images
from the aircraft windshield if the windshield and combiner
are in close proximity. An anti-reflective coating should be
used on all optical surfaces.

11. VISUAL DISPARITY: Binocular disparity has been shown to be a
limiting factor in the pilot's adaptation to a HUD. Any dis-
parity should be minimized. If a choice must be made for
slight horizontal disparity, a slight convergent disparity
(i. e. the symbols appear closer thr- optical infinity) is
preferred over a divergent disparity. The binocular dispari-
ty of the displayed symbols must be specified over the TFOV.
Normally the binocular disparity is quoted on a 3 sigma bas-
is.

Recommended maximum values are

Horizontal divergence: 0.0 mr
convergence: 2.5 mr

Vertical: 1.0 mr

If the real world cues appear to be closer than optical in-
finity, because of windshield distortion or because the HUD
is intended to be used while viewing nearby cues (such as
during refueling operations), the convergence and divergence
limits should be adjusted so the virtual image does not ap-
pear to be further away than the external cues.

(Note: At this time, there is a minority opinion which dis-
agrees with these maximum values. This opinion suggests that
the these limits should be increased in the direction of hor-
izontal divergence, i. e. the HUD imagery should appear to
be beyond optical infinity.)

C. SENSOR RBQUIREMENTS

1. ACCURACY: The accuracy of the gyroscopic reference has been
a problem with the retrofit of HUDs in the past. Generally,
conventional aircraft gyros have not had the required accura-
cy and have presented problems with mismatch with he HUD sym-
bols and the real world.
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The following gyro platform accuracies are recommended:

All aircraft(non-contact analog):
Heading: 1.0 deg
Pitch: 1.0 deg
Roll: 1.0 deg
Pitch zero: 0.5 deg
Roll zero: 0.5 deg

All aircraft (contact analog):
Heading: 0.2 deg
Pitch: 0.5 deg
Roll: 0.5 deg
Pitch zero: 0.2 deg
Roll zero: 0.5 deg

The final judge of gyro platform accuracies is the lack of
interference with non-contact analog symbols or the absence
of a discernible mismatch with external visual cues for con-
tact analog symbols. The preceding gyro accuracies are pre-
sented as a guide.

2. SENSOR RESPONSE: The response of sensors input to the HUD
can have a significant impact on the HUi characteristics. In
general, the two sensors that can cause the most difficulty
are the response of the gyro platform and the response of the
angle-of-attack (and sideslip) sensors.

a. GYRO PLATFORM: In general, the gyro platform should pro-
vide accurate data at a rate approximately four times the
response rate of the aircraft. Recommended minimum plat-
fccm response rates (providing acceptable accuracies) are

Tactical Aircraft:
Pitch: 180 deg/sec
Roll: 400 deg/sec
Heading: 90 deg/sec

Transport Aircraft:
Pitch: 90 deg/sec
Roll: 120 deg/sec
Heading: 30 deg/sec

b. ANGLE-OF-ATTACK: The angle-of-attack sensor should pro-
vide a signal without excessive oscillations or noise,
but with sufficient response for the HUD symbols on which
it is based. No specific recommendations can be made at
this time. It is quite likely that angle-of-attack data
requirements will differ for a HUD displaying only ALPHA
or ALPHA error and for a HUD using angle-of-attack to
generate an air mass velocity vector.
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V. DISPLAY CRITERIA

A. GENERAL

The HUD may repeat, augment, or replace head-down displays and
information for any and all phases of flight. HUD systems that
are designed to replace head-down displays should contain the in-
formation required by the pilot for manual control during the se-
lected flight phase. It is understood that this information need
not be identical in content or format to the head-down informa-
tion.

B. COMPATIBILITY WITH HEAD-DOWN DISPLAYS

The HUD must display data which is compatible with the head-down
instruments. It is important that the control strategies used
head-up by the pilot be compatible with those used head-down.
This does not mean that the HUD must be constrained to show only
that data that is shown head-down. It might not be feasible to
display all HUD parameters on a head-down electromechanical in-
strument. It would not be wise to limit an electronic HUD to on-
ly those parameters available head-down.

It does mean that the same pilot will fly the airplane both head-
up and head-down. If only pitch information is available head-
down, then pitch information must be displayed on the HUD so that
in critical flight situations the pilot can use the same informa-
tion and control strategies. There is a large interaction with
pilot training inplied by these arguments.

The HUD must be an integrated display -- that is integrated into
the cockpit. This means that the same procedures used to fly by
reference to the head-up display and those used to fly by refer-
ence to the head-down panel must not lead to problems when the
pilot switches from one display to the other. For example, the
use of longitudinal controls by reference to GAMMA on the HUD
should not lead to problems if the pilot mistakenly uses the
techniques for flying by reference to THETA on the head-down pan-
el.

C. AMOUNT OF SYMBOLOGY

A cluttered display is one which has an excessive amount of in-
formation contained in the number or variety of symbols and spa-
tial relationships. A large fraction of this information may be
pertinent to the task at hand, but if the secondary information
detracts from the interpretation of the information necessary for
the primary task or increases the primary display interpretation
error rate, then irrelevant or low priority information must be
removed. The designer must guard against the urge to add more
and more data to the display.
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The pilot must also have a means to reduce the amount of extra,
low priority information if it is not desired. There are two
primary means to accomplish this: using few HUD modes with de-
clutter options or using many HUD modes with fewer declutter op-
tions.

1. DECLUTTER LOGIC: One method is to allow the pilot to manual-
ly select from one or more declutter options. In the ex-
treme, this approach would have the pilot select whatever
symbols are wanted from a menu.

The simplest form of declutter is a "scales" switch. This
removes secondary information so the pilot can concentrate on
the symbols of greater importance. Typical installations use
this approach to delete airspeed, altitude, vertical veloc-
ity,, and heading from the HUD. Because this "all or noth-
ing" approach leaves something to be desired, some modern
HUDs have two or more declutter options, removing part of the
secondary displays at one position and the rest at another.

It is highly recommended that future HUDs have a minimum of
two levels of declutter.

It is also recommended that, while a basic selection of sym-
bols to be displayed be programmed into the HUD controls, the
pilot be given the option to modify the programming and se-
lect which symbols be included with each level of declutter.
This option could be accomplished on the ground prior to
flight.

2. MODE LOGIC: The second approach to declutter is to use a
large number of modes with symbols chosen for each mode.
When this option is used, there is less need for multiple de-
clutter choices. Nevertheless, some declutter choice is de-
sirable.

It is recommended that future HUDs have a minimum of two lev-
els of declutter even if there are large numbers of modes
available.

It is also recommended that, while a basic selection of sym-
bols to be displayed for each mode be programmed into the HUD
controls, the pilot be given the option to modify the pro-
gramming and select which symbols be included with each level
of declutter.
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3. AUTOMATIC DECLUTTER: Under some limited circumstances, it
may be desirable to automatically declutter the HUD without
pilot intervention. This option must be used sparingly and
w'.th a great deal of caution. Instances where this might be
desirable include large pitch or roll excursions typical of
unusual attitudes, windshear encounters in transport air-
craft, or excessively low altitude during air-to-aground
weapons delivery (A/G) where a mandatory breakaway is com-
manded. During such cases, all non-essential data must be
eliminated.

Extreme care should be used when incorporating these auto-
matic declutter modes. For example, during air combat maneu-
vers (ACM) in tactical aircraft, pitch or roll attitudes
might trigger such declutter. Such automatic action should
not detract from the use of the HUD or from the mission.

D. BASIC HUD INFORMATION

The HUD should provide a clear, self-explanatory, and unmistakab-
le display of aircraft attitude, flight path, and altitude. One
symbol, normally aircraft pitch (THETA) or velocity vector (GAM-
MA) should be chosen as the aircraft symbol. The choice of pri-
mary aircraft symbol may vary from mode to mode. (Note, the sym-
bols chosen for GAMMA and THETA should not change to reflect
this. That is, it is not necessary to have a specific symbol for
the aircraft symbol.)

The following parameters are recommended for a basic instrument
HUD mode:

1. AIRSPEED OR ANGLE-OF-ATTACK: The airspeed, airspeed error,
angle-of-attack: or angle-of-attack error should be shown on
the left side of the display or on the left side of the air-
craft symbol. The choice of airspeed or angle-of-attack may
be at the pilot's option or it may be automatic. Airspeed or
angle-of-attack may be de-selected by means of a declutter
switch.

2. ALTITUDE: Altitude, radio or barometric, should be displayed
to the right of the FOV or on the right side of the aircraft
symbol. The choice of radio or barometric altitude may be at
the pilot's option or it may be selected automatically. Al-
titude may be de-selected by means of a declutter switch.

3. ATTITUDE: As a minimum, the horizon line should be dis-
played. If velocity vector is not displayed, a pitch symbol
must be displayed. It is highly recommended that a pitch
symbol be displayed in addition to the velocity vector. The
pitch symbol must be displayed in an Unusual Attitude Mode.

4. HEADING: The aircraft heading should be displayed as a scale
on the horizon line, at the top of the FOV, or at the bottom
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of the FOV. The heading may be de-selected by means of a de-
clutter switch.

5. VELOCITY VECTOR: The velocity vector or flight path angle I
should be shown, if available. The velocity vector may be
de-selected, if desirable, in an Unusual Attitude Mode or
during ACM.

6. OTHER SYMBOLS: Other symbols should be shown depending on
the operational needs of the pilot.

E. FAULT ALERTS

1. HUD DATA: The HUD should not display false or misleading in-
formation. If invalid data is received from HUD input sourc-
es, then the HUD should indicate the loss in validity by de-
leting the symbol(s) in question.

Symbols that are calculated using backup or reversionary
sources (such as calculating velocity vector based on air
data vice inertial data) should be clearly indicated to the
pilot.

Symbols that are incorrectly positioned because of FOV limi-
tations should clearly indicate this to the pilot. In the
past, this has been successfully accomplished by placing an
"X" over the symbol, by truncating the symbol at the FOV
limit, or by adding a "LIM" near the symbol.

Particular care should be taken so that two symbols which are
positioned relative to each other do not change this rela-
tionship when placed at or near the limit of the FOV. An ex-
ample would be the flight director and the velocity vector
(if the flight director is shown relative to the velocity
vector as is common practice). When the velocity vector is
limited by the FOV limit, this should not affect the relative
location of the director steering symbol relative to the ve-
locity vector. This might be accomplished by limiting the
velocity vector slightly inside the FOV limit so the director
steering symbol can still move around it.

The use of flashing symbols to indicate degraded or FOV lim-
ited data is not acceptable by itself.

Symbols that can be deleted by declutter should have a secon-
dary warning when they are deleted because of faulty data.
An example might be the annunciation "DELETED" in place of
airspeed digits if airspeed is deleted because of invalid
data. In this case, if airspeed data was invalid, but the
airspeed deleted by a declutter option, the "DELETED" message
would not be shown.
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2. AIRCRAFT MASTER WARNING/MASTER CAUTION: The HUD should re-
peat the aircraft master warning and master caution annuncia-
tion. Specific annunciations should be included only if nec-
essary for safe flight. If specific indications are used,
they should conform to MIL-STD-411D or SAE-AS-425C.

F. SCALING

Generally one-to-one pitch scaling of HUD data has been pre-
ferred,, although other scalings have been shown to be advanta-
geous under some circumstances. A slight compression (of the or-
der of 1.5:1 or 2:1) may help tracking performance and may be
useful if a conformal display is not needed (such as during high
altitude cruise).

This pitch compression or more can be of assistance to the pilot
during large amplitude maneuvers (such as ACM, acrobatics, or un-
usual attitude (UA) recoveries). An Unusual AttiLude Mode has
been suggested with pitch compression and limited data to assist
the pilot during spatial disorientation. Such a mode is recom-
mended for all aircraft, transport as well as tactical.

One-to-one scaling is indicated during ground reference maneuvers
(such as landing).

G. REFERENCE

Traditionally, the location of the reference for error displays
(course deviation information, airspeed error, angle-of-attack
error, etc.) has been the primary aircraft symbol. Normally this
location would be recommended, however some recent successful
HUDs have used the intersection of the horizon line and the se-
lected course as the reference for ILS deviation error. Further,
recent studies indicate that increased use of the pitch symbol as
a reference may enhance resistance to spatial disorientation. It
is premature to insist that deviations and error symbols be ref-
erenced to the primary flight symbol.

Flight director information should have zero reference located at
the primary airplane symbol unless enhanced performance can be
demonstrated.

The special relationship between ALPHA, GAMMA, and THETA must be
considered when selecting a reference for angle-of-attack error.
(See Section VI. D. below.)

H. SYMBOL PRIORITY

A table of symbol priority must be established for those symbols
that can move within the FOV. If any symbols can over-write one
another, the symbol generator must use this symbol priority table
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to blank the symbol of lower priority to prevent interference
with the legibility of the higher priority symbol.

The lower priority symbols should be partially or completely
blanked as it approaches the lesser priority symbol. This symbol
priority table is not the same as the order of decluttering. For
example, in most display formats, the pitch ladder is never de-
cluttered, yet it has the lowest rank on the symbol priority ta-
ble for most formats. (That is, when the a portion of the pitch
ladder approaches another symbol, a mask around the other symbol
blanks the pitch ladder in the neighborhood of the other symbol.)

Recommended symbol priorities are shown in Appendix B.

I
F
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VI. SYMBOLOGY CRITERIA

A. GENERAL

Symbols should appear clean-shaped, clear, and explicit. Lines
should be narrow, sharp-edged, and withcut halo.

The meaning and behavior of symbols :wst be consistent for allmodes of a given display.

B. ACCURACY

The accuracies of symbol placement should be commensurate with
the intended use of the parameter and the operational require-
ments. All accuracies, except boresight accuracy, should be con-
sidered system accuracies, not just HUD accuracies.

1. BORESIGHT: The recommended boresighting accuracy specifica-
tions are

Tactical aircraft: 1.0 mr
Transport aircraft: 3.0 mr

2. CONTACT ANALOG SYMBOLS: Positioning of contact analog sym-
bols should produce no discernible mismatch with the real
world cues. If a mismatch is unavoidable, symbolic rather
than realistic symbols should be used (see runway symbols in
Appendix A for example.)

3. OTHER SYMBOLS: Recommended positioning tolerances of other
symbols are

Conformal symbols: 1 mr
Non-conformal symbols: 3 mr

4. STANDBY RETICLE: Positioning of the standby reticle should
be commensurate with the intended use of the HUD.

5. PLATFORM ACCURACIES: Recommended platform accuracies are
shown in Paragraph IV. C. 1.

C. DYNAMIC RESPONSE

The motion of all analog symbols on the HUD should be smooth,
with no objectionable overshoot, and should generaLly track the
short period of the airplane. Symbols should be stable with no
discernible flicker or jitter.

1. FLICKER: Symbols should show no discernible flicker. A min-
imum symbol refresh rate of 50 Hz is recommended. Note: The
use of 60 Hz may enhance recordability with video recording
equipment.



-33-

The HUD should be synchronized with other CRT displays visi-
ble to the pilot. This is particularly inortant when basic
refresh rates less than 60 Hz are used.

2. JITTER: Symbols should be stable with no discernible jitter,
i. e. less than the minimum linewidth (3 sigma). Motion at
frequencies above 0.25 Hz is considered jitter.

3. NOISE: Display noise should not cause symbol forms or accu-
racies to exceed recommended or specified limits. Display
noise should not interfere with the intended use of the HUD.

4. FRAME TIMES: Recommended minimum sampling rates for aircraft
attitude, inertial velocities, and accelerations are

Tactical aircraft: 25 Hz (up-and-away)
12.5 Hz (landing config.)

Transport aircraft: 10 Hz

These rates correspond to frame times of 40 msec for tactical
aircraft (up-and-away), 80 msec for tactical aircraft in the
landing configuration, and 100 msec for transports. Slower
sampling rates (3-4 Hz) may be used for other quantities,
such as airspeed and altitude. Airspeed data for air mass
velocity vector calculations should be sampled at the rates
shown unless no degradation in performance can be shown.

5. QUICKENING: Symbol quickening may be required to yield a
"flyable" symbol. Symbol quickening should not change auto-
matically (within a given mode) in a non-failure state. Sym-
bol quickening should be kept to the minimum necessary to
provide a flyable symbol.

6. DAMPING: Symbol damping may be required to yield a "flyable"
symbol. Symbol damping should not change automatically
(within a given mode) in a non-failure state.

7. PLATFORM RESPONSES: Recommended platform response require-
ments are shown in Paragraph IV. C. 2.

8. DIGITAL DISPLAYS: Digital displays, such as airspeed, alti-
tude, etc., should not be refreshed on the display faster
than 3-4 Hz. The data can be updated at a faster rate and
used in the other flight control computations at faster
rates, but the data displayed on the HUD should change at
this rate.

D. FLY-Tu-SENSE

All error symbols should be "fly-to" symbols. The only exception
has historically been the angle-of-attack error which, in some
airplanes, has had a "fly-from" sense.
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The choice for the angle-of-attack sense is based on two con-
flicting criteria. The conventional criteria of always "flying-
to" an error and the geometrical criteria of attempting to show
the relationship between ALPHA, GAMMA, and THETA which leads to a
"fly-from" sense. Selection on one choice would be premature at
this time.

Both criteria could yield a "fly-to" sense if the angle-of-attack
error used the aircraft pitch symbol as its reference. Requiring
this option would be premature at this time.

E. PITCH SCALING CONSIDERATIONS

If compressed pitch scaling is used to assist in unusual attitude
recognition or for use in acrobatic flight, it will not be possi-
ble for the various HUD symbols to all be conformal. The common
choices in compressed pitch scale use are to have the aircraft
pitch symlkel (waterline) remain fixed in the HUD FOV, to have the
horizon s~mbol remain conformal with the real world horizon (zero
pitch angle), or have the velocity vector symbol remain conformal
with the true velocity vector. For most applications, it is rec-
ommended that the HUD horizon remain conformal with the real
world horizon.

For ground referenced maneuvers (A/G weapons delivery, landing
approach, or terrain following) with inertial velocity vectors,
then the HUD velocity vector should remain conformal with the
true velocity vector.

In either case, the angular relationships between ALPHA, GAMMA,
and THETA should be retained (although compressed).

Target symbols should overlie the actual target and not be shown
ac the correct angles on the pitch scale.

F. CODING

Each symbol should be unique by virtue of at least two coding
characteristics. Color coding is acceptable, however colors
should be consistent with head-down displays. Flashing of sym-
bols should be minimized. Flashing may be used to attract atten-
tion to a symbol, but should not be used by itself to denote data
error, FOV limits, decision height, etc.

G. DIRECTED DECISION CUES

The use of a directed decision cue must be held to an absolute
minimum and confined to those situations where loss of the air-
craft is imminent if the trajectory is continued (i. e. a break-
away commanded because of impending ground impact). Landing min-
imums, if annunciated, should use "MINIMUMS" not "GO-AROUND."
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The use of directed decision cues during combat, such as "SHOOT"
should be avoided since this requires the pilot to follow speci-
fic tactics which may not be desired in all situations. An "IN
RANGE" annunciation is preferred to "SHOOT."

H. SIZE AND SHAPE OF SYMBOLS

Generally, the symbols in MIL-STD-1797 are recommended. Where
other symbols are recommended, these are shown in Appendix A.

I. SIZE AND SHAPE OF CHARACTERS

1. SIZE OF CHARACTERS: The size of alphanumeric characters will
depend on the degree of importance attached to the particular
character. Recommended size guidelines are

Basic size: 4 X 8 mr
Maximum size: 8 X12 mr

2. SHAPE OF CHARACTERS: The shape of alphanumeric characters
has not been specified in the past. Two recommended fonts
are the MIL-M-18012 and the Leroy fonts.

J. LINE WIDTH

The recommended line width is:

Unenhanced: 1.0 mr
Enhanced: 3.0 mr

K. MINIMUM MOVEMENT

The minimum movement of symbols should be

Minimum movement: 0.135 mr

L. VIDEO DISPLAY CRITERIA

Video display criteria should be developed. In the interim, the
criteria of MIL-D-87213 should be followed.

_.-- .- ' i tT.i _ ,, " __'* " -_% F T -~h-" 7. -L -t '. : A. - - . - ? . .... . .. . .... .. . . .....
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VII. PRIMARY FLIGHT REFERENCE CRITERIA

A. GENERAL

HUDs intended for use as primary flight references are clearly
critical to flight safety. Many of the specific requirements
have been discussed in the appropriate sections of the Head-Up
Display Design Guide. Because of the interest in HUDs as primary
flight references and because of the critical nature of such dis-
plays, this section discusses some issues of primary flight ref-
erences (PFRs).

PFRs are defined in Section II as providing sufficient informa-
tion for the pilot to fly the airplane in IMC during a particular
mission segment. As guidance to the designer, "sufficient infor-
nation" can be defined as the information contained in the tradi-
tional basic T, i. e. airspeed, altitude, attitude (pitch and
roll), heading, and (usually) course guidance information. Obvi-
ously, the specific data may vary, ALPHA (angle of attack) may be
substituted for airspeed, radar altitude for barometric altitude,
etc.

The PFR provides data for the pilot to control the airplane, i.
e. climb/descend, bank left/right, etc. It will not include nav-
igation data nor will it include systems data unless critical to
the mission segment.

Normally, a HUD should be treated as a PFR since the pilot will
likely use it as such as if it were the primary flight reference
regardless of the words in the flight manual.

B. DATA RBUIREMENTS

The need for course deviation, navigation, or systems data during
a specific mission segment will depend on how critical constant
reference to a specific parameter is. As an example, consider
course deviation. During normal cruise at high altitude, it
could be considered that course deviation data would not be re-
quired for a PFR, while during an ILS final approach, both course
and glideslope deviation data would be. Both the UO and CA will
have to determine if a specific data parameter (i. e. course dev-
iation) is required depending on the complexity of the tracking
task. Overwater, high-altitude cruise will not normally require
course deviation; terminal tracking certainly will.

Table I lists typical data requirements for a PFR in terms of
traditional data likely to be on a HUD. The table shows these re-
quirements for various mission segments.
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Table I

Typical Data Requirements
for a Primary Flight Reference HUD

MISSION SEGMENT

PARAMETER TOGA CRUISE TERM- FINAL FINAL AIR-TO-
INAL (N/P) (PRE) AIR

PITCH X X X X X X
ROLL X X X X X X
VEL VECTOR X ? ? X ?
HEADING X X X X X X
LAT DEV X ? X X X ?
VERT DEV ? X ?
ALTITUDE X X X X X X
AIRSPEED X X X X X X
ALPHA ? ? ? X
BETA ? ? ?

Note: Instrument meteorological conditions are assumed.

These data may be replaced by other data which will allow the pi-
lot to accomplish the mission segment. For example, ALPHA would
be an acceptable substitute for airspeed on final approach, but
not during an air-to-ground delivery.

Declutter of data required to be on a HUD primary flight refer-
ence should be permitted provided the pilot can regain the de-
cluttered data without removing his/her hands from the aircraft
controls (stick and throttle).

C. EQUIVALENCE WITH HEAD-DOWN DISPLAYS

If the HUD is to be the primary flight reference, it must be pos-
sible to view substantially the same data on the head-down panel.
This is required for several reasons: as a backup to the HUD sym-
bol generator, to allow the pilot to view the display without the
view of the external real world cues, and to allow the pilot to
have a close focus when cross-checking instrument panel data.

Substantially the same data means the data must be in the same
format as the HUD, although the scale may be compressed and de-
clutter options may be omitted. Additional data, not present on
the HUD may be present if there is no interference with the use
of the the display to fly the airplane. The display may be a
color display even if a monochromatic HUD is used. The two dis-
plays, HUD and head-down should use the same mode switch to en-
sure that they are operating in the same mode.

S~~~~r W. C. Jr .V %~C ~ b ~i. _AI~r W r. Ux W" 4"'j3r2APf*
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The head-down display should be visible in the PVSA at all times,
unless mission requirements require all usable panel space. In
this event, the display must be available when called for by the
pilot (without the need to remove his or her hands from the air-
craft controls). This requirement applies to the pilot flying in
two pilot airplanes.

In two pilot airplanes, the pilot not flying must have this head-
down display visible in the PVSA at all times (assuming no fail-
ures). The pilot flying (on two pilot airplanes) must be able to
regain the head-down display at any time (again keeping his/her
hands on the controls). This means that the pilot flying may be
flying by reference to the HUD and must have substantially the
same display shown on his primary panel unless mission require-
ments dictate the use of this panel space. The pilot not flying
must have the equivalent display shown head-down on his primary
panel at all times whether or not he uses the HUD.

D. HUD SYMBOLOGY FOR A PRIMARY FLIGHT REFERENCE

A primary concern for HUDs intended for use as PFRs is the need
to prevent occurrence of and to aid in the recovery from unusual
attitudes (UAs). To this end, any such HUD must be designed with
UA recovery and spatial disorientation in mind.

Aircraft pitch attitude, not velocity vector, is of primary im-
portance during UA recovery. At large angle-of-attack, the ve-
locity vector will not be responsive to control inputs. In par-
ticular, a large ALPHA indicated by a large negative GAMMA and a
nose high THETA must not cause the pilot to attempt recovery by
raising the velocity vector by pulling on the control column.
With present HUD formats and existing pilot backgrounds, two sym-
bologies are essential: (1) the pitch reference frame (pitch lad-
der) must clearly indicate aircraft pitch during extreme pitch
excursions, and (2) the velocity vector must not attract the pi-
lot's attention from the pitch attitude.

The pitch ladder format must clearly indicate nose high angles
from nose low. A format which accomplishes this is the modified
F-18 format in which negative angles (i. e. below the horizon)
are slanted to indicate the direction to the horizon. As addi-
tional discriminants, the negative "rungs" of the pitch ladder
are dashed, have the vertical ticks in the center and have thenumerical angles on the lef t side only. The dashing of the
"rungs" should be at three to five dashes per degree. Positive
angles should use solid horizontal lines with tick marks at the
outside edge and numerical indices on both sides. Five degree
spacing is recommended for 1:1 scaling.

The pitch reference for a HUD intended for a PFR should use a
complete pitch ladder, not just a horizon line or a horizon line
and a pitch mark. While the use of a horizon lines alone has
been suggested in the past for transports, the possibility of an

0 %
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UA in a transport can not be ignored. A horizon line only (or a
horizon line plus a pitch mark) would be acceptable only if a
clear improvement in performance can be shown and if reversion to
a conventional pitch ladder is automatic during UAs before the
horizon leaves the instantaneous field of view from any point
within the eyebox.

De-emphasizing the velocity vector at large ALPHAs has been ac-
complished by deleting the velocity vector when ALPHA becomes ex-
cessive. It is also possible to use the pitch reference symbol
(waterline) as the basis for angle-of-attack error or for the AL-
PHA scale. The velocity vector can also incorporate a fly-from
ALPHA error symbol (as on the A-7C/D/E HUD). Preliminary simula-
tor experiments indicate that deletion of the velocity vector
symbol at high ALPHA is preferred.

Other data shown on the HUD will depend on the specific require-
ments of the mission segment. The aircraft master warning and
master caution annunciation must be repeated on the HUD.

E. PRIMARY FLIGHT DISPLAY RELIABILITY

The reliability of a HUD primary flight display, in general,
should match or exceed that of the head-down instruments it is
replacing. The system must be designed such that the displaying
of incorrect attitude information is extremely improbable. HUDs
intended for precision instrument approach primary flight refer-
ences should be designed such that the displaying of incorrect
attitude or course guidance information is extremely improbable.

When incoming data or processing that affects primary symbology
is identified as invalid, the affected symbology should automat-
ically be deleted or should revert to a backup mode. The proces-
sor should check the incoming data needed to generate the primary
symbology for reasonableness with respect to physical aircraft
parameters. It should also cross-check related data for prede-
termined differences if more than one source of data is availa-
ble.

At a minimum, there should be two symbol generators available to
provide symbology to the HUD (one of which can drive the symbol-
ogy for the head-down display discussed previously).

There is no particular reason why an electronic display can not
serve as a stand-by attitude indicator provided it has sufficient
reliability. A general rule is that the standby indicator must
be more reliable than the primary indicator. The standby atti-
tude indicator in a single pilot airplane must be clearly visible
at all times without pilot selection.
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F. HUD MODE SWITCHING FOR A PRIMARY FLIGHT REFERENCE

Automatic HUD mode switching is not desirable for a display in-
tended as a primary flight reference. While some modes of flight
do use automatic switching (such as the breakaway X in ground at-
tack), these HUDs have implicitly assumed VMC. While automatic
switching may be acceptable in IMC (The use of a PFR assumes
IMC.), care must be taken not to delete the pitch reference need-
ed by the pilot to recover from UAs and to fly the airplane.

It is highly recommended that any HUD intended as a PFR incorpor-
ate a basic instrument mode which can always be selected by the
pilot regardless of the other modes being used. The pilot should
be able to select this mode without removing his or her hands
from the flight controls. This could be accomplished by a dedi-
cated switch on the stick or throttle. This will always provide
basic attitude reference as well as airspeed, altitude, and head-
ing.

G. INERTIAL VS. AIR MASS DATA

There are valid reasons to choose either air mass or inertial ve-
locity vector data. The use of air mass data allows direct inte-
gration of ALPHA and BETA (sideslip). Where ALPHA information is
critical (such as high ALPHA near stall), or BETA information is
critical (such as or engine-out situations), the use of air mass
data is recommended to show ALPHA and BETA directly (Figure 1).
If inertial data is used, non-conformal ALPHA and BETA cues must
be introduced (Figure 2).

Historically, the choice of whether to use inertial or air mass
velocity vector data has depended on whether or not an inertial
navigation system (INS) was installed in the airplane. This is
not a valid reason for this decision. Just because we can dis-
play something doesn't mean -e should. While an INS is required
to show inertial velocity vector, the needs of the pilot may dic-tate a need for air mass data. Further, it is not necessary to
use ALPHA and THETA data to calculate GAMMA. GAMMA can be found
using the relationship of vertical velocity and horizontal veloc-
ity. The same computation which produces an inertial GAMMA = I
arcsin(vertical velocity/inertial velocity) can substitute true
airspeed for inertial velocity and calculate air mass GAMMA. If
an air mass velocity vector is needed, it would be desirable to
use a filtered GAMMA derived from both ALPHA and THETA data and
from inertial vertical velocity and air data computer true air-
speed.
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Figure 1

ALPHA and BETA Using Air Mass Velocity Vector

Figure 2

ALPHA and BETA Using Inertial Velocity Vector
(Reference to waterl1lie shown, refer-
ence to velocity vector is optional)
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APPENDIX A: RECOMMENDED SYMBOLS

The following symbols are recommended for use in HUDs and other
electronic attitude indicators. Where no symbols are listed in
this appendix, the symbols in MIL-STD-1787 are recommended.

A. FLIGHT SYMBOLS

1. AIRSPEED:

The recommended format is a digital display. The digits
should be fixed in the FOV near the left side of the Fixed
Aircraft Symbol (waterline). The top of the box should be
level with the wings on the waterline symbol. The airspeed
digits should be 150% of the dimensions of the basic HUD dig-
its. The preferred format is plain digits surrounded by a
box. Alternative formats delete the box around the digits or
surround the digits with a circle with a "minute hand" dis-
play in which the index makes one revolution for every 100
knots.

The use of analog tapes has been thought to detract from spa-
tial orientation by providing a false horizon ninety degrees
to the real one. For this reason, vertical tapes should be
avoidAed in future HUDs unless enhanced mission effectiveness
can be demonstrated.

The normal airspeed (indicated or calibrated airspeed) shouldnot be denoted. Failure states or alternative speeds should
be denoted with a letter or a word:

a. INDICATED AIRSPEED: I or IAS
b. TRUE AIRSPEED: T or TAS
c. MACH NUMBER: M or MACH

3 50

Figure A-I

Alternate Airspeed Symbol
(Showing "minute hand")

A

I
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2. ALTITUDE:

The recommended format is a digital display. The digits
should be fixed in the FOV near the right side of the Fixed
Aircraft Symbol (waterline). The top of the box should be
level with the wings on the waterline symbol. The preferred
format is plain digits surrounded by a box. The ten thou-
sand, thousand, and hundred feet digits should be 150% the
dimensions of the basic HUD digits. The tens and units dig-
its should be the size of the basic HUD digits. Alternative
formats delete the box around the digits or surround the dig-
its with a circle with a "minute hand" display in which the
index makes one revolution for every 1000 feet. The format
is similar to the airspeed display shown in Figure A-1.

The barometric altitude should not be denoted. Radio or ra-
dar altitude should be denoted with an R or with the word RA-
DIO, RADAR, or RAD.

3. ANGLE OF ATTACK (ALPHA):

The symbol shown in MIL-STD-1787 has been successful. The
fly-to or fly-from sense is not specified. At this writing,
alternative presentations should be developed to exploit the
unique relationship between ALPHA, GAMMA, and THETA.

4. ANGLE OF SIDESLIP (BETA):

The choice of display has not been resolved at this writing.
As is the case with angle of attack, the relationship between
the velocity vector and the fixed aircraft reference could be
used. As an interim recommendation, the symbol shown should
be used when BETA is critical.

Alternatively, the angular difference between the air mass
velocity vector and the ghost velocity vector can be used.
(See Figure 1 in the main text.)

/ \

Velocity -i
Vector /

Figure A-4

Interim Angle-of-Sideslip (BETA) Symbol
(Symbol proposed for Inertial Velocity Vector)

[ A I ! k ' " ,- .1- I k,1 _%k" I _, - 1%. - , - _,I L --- - . % _ .- % 1 % -V''
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5. BANK:

The bank index should only be used for precision instrument
flight if procedures require. The index is shown in MIL-STD-
1787. The choice of top or bottom (sky pointer or earth
pointer) should agree with the head-down instruments.

For orientation, the arrow symbol on the velocity vector has
been shown to be effective during simulations.

-_4

Figure A-5

Arrow on Velocity
Vector (Augie Arrow)

6. FIXED AIRCRAFT REFERENCE (THETA):

This symbol is shown in MIL-STD-1787 and is referenced to
the ACRL and represents an extension of (or the direction of)
the ACRL. For HUDs with 1:1 pitch scaling, it is in a fixed
location on the display. For HUDs with other scalings, it
should be placed at the appropriate location to show aircraft
pitch.

7. FLIGHT PATH ANGLE: (see velocity vector or ghost velocity
vector)

The use of the velocity vector and a ghost velocity vector is
recommended rather than the horizontal line.

Figure A-3

Flight Path Angle Symbol

""..7
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8. GHOST VELOCITY VECTOR: (see flight path angle or velocity
vector)

The ghost velocity vector should be displayed at the true lo-
cation of the velocity vector position if the velocity vector
differs by more than a specified angle from the caged posi-
tion (recommended as two degrees).

Waterline
Symbol

/ -

Velocity - - Ghost Velo-
Vector -city Vector

Figure A-8

Ghost Velocity Vector Symbol
(Shown to right of velocity vector)

9. HEADING:

The format is given in MIL-STD-1787. The preferred location
is to place the heading marks on the horizon line. This has
the advantage of maintaining spatial awareness of heading
during steep turns, but the disadvantage of losing heading
information during extreme pitch attitudes. If this method
is used, the heading information must remain in view -- usu-
ally with a digital heading directly above the waterline sym-
bol. Alternatively, the heading could be placed on a pitch
ladder rung near the waterline. Similar approaches have been
found to be successful on three-axis attitude indicators.

An alternative location is to place the scale should be fixed
at the top or bottom of the FOV. Using a boxed digital head-
ing in the center of the symbol has also been used success-
fully (F-18). If digital heading is used, the heading digits
should be 150% of the dimensions of the basic HUD digits.
(Heading digits on the horizon or heading scale should be the
size of the basic HUD digits.)

Magnetic heading should be the default indication and should
not be denoted. Other heading references should be denoted
with a letter or a word:

a. TRUE HEADING: T or TRUE
b. GRID HEADING: G or GRID
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10. HORIZON LINE:

The horizon line is shown in MIL-STD-1787. The 30 mr gap in
the center is optional. The use of a horizon line alone is
not recommended since during unusual attitudes it may not be
visible within the IFOV. If a horizon line alone is to be
used, provision to replace it with a pitch ladder before the
horizon line leaves the IFOV must be incorporated.

11. NORMAL LOAD FACTOR:

A digital readout is recommended. The location is unspeci-
fied.

12. PITCH LADDER:

The pitch ladder above the horizon is shown in MIL-STD-1787.
The pitch ladder below the horizon should be slanted up in
the middle when the depression angle exceeds minus ten de-
grees or when the horizon is no longer visible in the IFOV
(similar to the F-18). The vertical ticks for negative
angles should be in the center of the FOV. The negative
angles should be shown on the left side only with no minus
sign. Negative angles should use dashed lines (dashed at 3
dashes per degree).

As an alternative, the F-18 pitch ladder can be used. That
is, the above-horizon rungs should also be slanted. A second
alternative is the conventional pitch ladder from MIL-STD-
1787. That is the below-horizon rungs need not be slanted

Regardless of the pitch ladder style, at the zenith or nadir,
the 90 degree mark should be indicated by a "DIVE" or "CLIMB"
legend. The pitch ladder should not rotate as the airplane
passes through the 90 degree pitch up or down point.

The pitch ladder should be centered on and rotate around the
fixed aircraft reference.
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301

Figure A-12A

Pitch Ladder Below Horizon
(Slanted at twice angle below horizon)

CLIMB

851 1es

Figure A-12B

Pitch Ladder Indication at Zenith

851

DIVE

I ISE?

Figure A-12C

Pitch Ladder Indication at Nadir
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13. POTENTIAL FLIGHT PATH (PFP):

Reference is the velocity vector. The right symbol is op-
tional.

Velocity
Vector

PFP Symbol--> < ' PFP Symbol
(optional)

Figure A-13

Potential Flight Path (PFP) Symbol
(Shown with velocity vector)

14. VELOCITY VECTOR (INERTIAL):

The symbol is shown in MIL-STD-1787. It may be caged at the
center of the pitch ladder at pilot option.

15. VELOCITY VECTOR (AIR MASS):

This symbol differs from the inertial velocity vector and is
always caged. (See flight path angle or ghost velocity vec-
tor.)

Figure A-15

Velocity Vector (Air Mass) Symbol

16. VERTICAL VELOCITY:

The recommended symbol is digital. It should be located
below the altitude presentation. Vertical velocity is not
normally necessary if velocity vector is available.

t.

- ~-E'~ * * . ~ I.
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B. NAVIGATION SYMBOLS

17. DME:

This symbol should be a digital indication. The location is
not specified.

18. RUNWAY SYMBOL:

Figure A-18A

Runway Symbol
(Inertial Navigation System)

Figure A-18B

Runway Symbol
(No Inertial Navigation System)
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19. STEERING BOX: (see deviation)

Reference is the velocity vector. Other references have been
successful, such as desired heading and desired glideslope.
The dimensions of the steering box change with the allowable
error. (See deviation cue.)

Velocity", 
.Vector

Figure A-19

Steering Box (Deviation) Symbol
(Fly down and right)

20. TIME TO GO:

This symbol should be a digital indication. The location is
not specified.
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APPENDIX B: RECOMMENDED DATA FOR DIFFERENT HUD MODES

Within each mission segment, a set of recommended data sym-
bo.s are listed. A letter "D" denotes symbols that can be al-
lowed to be decluttered by the pilot. Underlining indicates sym-
bols recommended which should be present if the display is to be
considered a PFR. Note: the use of a PFR assumes flight in IMC.

Symbols are ordered showing priority of display. If two
symbols would interfere, the symbol shown first should cause sub-
sequent symbols to be blanked.

The priorities and choice of required symbols for PFRs are
recommendations.

A. BASIC MODE -- UNUSUAL ATTITUDE RECOVERY

WATERLINE AIRCRAFT REFERENCE
AIR MASS VELOCITY VECTOR (delete at high ALPHA)
AIRSPEED
ALTITUDE
HEADING
BANK (Augie arrow recommended for UA)
PITCH LADDER (compressed scaling optional.

2:1 scaling recommended for UA.
If compressed scaling used, hor-
izon should remain conformal.)

B. TAKEOFF/GO-AROUND

WATERLINE AIRCRAFT REFERENCE
D ANGLE-OF-ATTACK (desired)

VELOCITY VECTOR (air mass recommended)
D AIRSPEED
D ALTITUDE
D ANGLE-OF-SIDESLIP (multi-engine or VTOL)
D HEADING
D POTENTIAL FLIGHT PATH (desired)
D COURSE DEVIATION (optional)
D FLIGHT DIRECTOR (optional)
D SPEED COMMAND (optional)
D RUNWAY REMAINING (on runway, optional)

PITCH LADDER
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C. CRUISE

WATERLINE AIRCRAFT REFERENCE
D VELOCITY VECTOR
D COURSE DEVIATION
D VERTICAL DEVIATION (optional)
D FLIGHT DIRECTOR (optional)
D WAYPOINT (optional)
D DIRECTION CUE (optional)
D AIRSPEED
D ALTITUDE
D HEADING
D RANGE (optional)
D DME (optional)
D TIME-TO-GO (optional)

PITCH LADDER

D. APPROACH/LANDING

WATERLINE AIRCRAFT REFERENCE
VELOCITY VECTOR

D FLARE CUE (optional)
D COURSE DEVIATION (optional for VMC)
D GLIDESLOPE DEVIATION (for ILS approach)
D FLIGHT DIRECTOR (optional)
D POTENTIAL FLIGHT PATH (desired)

ANGLE-OF-ATTACK (desired)
D ANGLE-OF-SIDESLIP (multi-engine or VTOL)
D RUNWAY REMAINING (on runway, optional)
D AIRSPEED (may be replaced by ANGLE-OF-ATTACK)
D ALTITUDE
D HEADING
D SPEED COMMAND (optional)

PITCH LADDER

E. TERRAIN FOLLOWING

BREAKAWAY
WATERLINE AIRCRAFT REFERENCE
VELOCITY VECTOR (inertial recommended)

D VERTICAL DEVIATION
D POTENTIAL FLIGHT PATH (optional)
D COURSE DEVIATION
D FLIGHT DIRECTOR (optional)
D DIRECTION CUE (optional)
D AIRSPEED
D ALTITUDE
D HEADING
D RANGE (optional)
D TIME-TO-GO (optional)
D WAYPOINT (optional)

PITCH LADDER
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F. AIR TO GROUND

BREAKAWAY
WATERLINE AIRCRAFT REFERENCE
VELOCITY VECTOR (inertial recommended)

D ANGLE-OF-SIDESLIP (if needed)
D BANK INDEX (if needed)

BOMBFALL LINE (if needed)
CCIP (if needed)
TARGET SYMBOLS (if needed)
SOLUTION CUE (if needed)

D AIRSPEED
D ALTITUDE
D VERTICAL VELOCITY (if needed)
D NORMAL LOAD FACTOR (if needed)

AIMING RETICLE (if needed)
WEAPON BORESIGHT (if needed)
PITCH LADDER

G. AIR TO AIR

WATERLINE AIRCRAFT REFERENCE
D VELOCITY VECTOR
D AIMING RETICLE (if needed)

CCIL (if needed)
TARGET SYMBOLS (if needed)
SOLUTION CUE (if needed)
SENSOR SEARCH AREA (if needed)

D AIRSPEED
D ALTITUDE
D HEADING
D VERTICAL VELOCITY (if needed)
D ANGLE-OF-ATTACK (if needed)
D NORMAL LOAD FACTOR (if needed)
D WEAPON BORESIGHT (if needed)
D PITCH LADDER

H. TRAINING (BASIC HUD FLYING)

D WATERLINE AIRCRAFT REFERENCE
D VELOCITY VECTOR
D ANGLE-OF-SIDESLIP (multi-engine or VTOL)
D COURSE DEVIATION (optional)
D AIRSPEED
D ALTITUDE
D HEADING
D ANGLE-OF-ATTACK (if not clear from GAMMA and

THETA relationship)
D PITCH LADDER
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I. SYMBOL REPLACEMENT OPTIONS

PITCH LADDER ------ Replace by Horizon with automatic
replacement by pitch ladder when
horizon leaves IFOV. (Note: This
substitution is not recommended for
the Basic Mode)

AIRSPEED ---------- Replace CAS/IAS by TAS or MACH (lab-
el as TAS or MACH.) Note: Primary
airspeed (either IAS or CAS) should
have no label.

ALTITUDE ---------- Replace Barometric Altitude by Radar
(label as Radar) Note: Barometric
altitude will have no label.

ILS DEVIATION ------ Replace Course and Glideslope Devia-
tion by Runway Symbol.

DECLUTTER --------- Declutter recommendations are shown
by a D.

VELOCITY VECTOR --- Delete at large angle of attack.

k

4
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Figure B-i

BASIC MODE
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481 -W' ~ 0

Figure B-2

BASIC MODE -- UNUS17AL ATTITUDE RECOVERY
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Figure B-3

BASIC MODE -- UNUSUAL ATTITUDE RECOVERY
(Velocity vector deleted at large ALPHA)
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Figure B-4

TAKEOF F/GO-AROUND MODE
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Figure B-5

CRUISE MODE
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Figure B-6

APPROACH/LANDING MODE
(ILS deviation and air mass velocity vector)
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01

Figure B-7

APPROACil/LANDING MODE WITH RUNWAY SYMBOL
(INS data and inertial velocity vector)
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18

Figure B-8

APPROACH/LANDING MODE WITH RUNWAY SYMBOL
(No INS data available)
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Figure B-9

TERRAIN FOLLOWING MODE
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APPENDIX C: ABBREVIATIONS

A/A Air-to-air
A/G Air-to-ground
AC (1) Advisory circular

(2) Alternating current
ACM Air combat mareuver
ACRL Aircraft reference line
AERP Alert eye reference position
AFSC Air Force Systems Command
ALPHA Angle-of-attack
ARP Aerospace recommended practice
AS Aerospace standard
ASL Azimuth steering line
BETA Angle-of-s idesl ip
BFL Bombfall line
CA Certification authority
CAS Calibrated airspeed
CCIL Continuously computed impact line
CCIP Continuously computed impact point
CRT Cathode ray tube
DC Direct current
DCP Display control panel
DERP Design eye reference position
DH Design handbook
DME Distance measuring equipment
DOD Department of Defence
EMI Electromagnetic interference
ERP Eye reference position
EU Electronic unit
FAA Federal Aviation Administration
FLIR Forward looking infrared
FOV Field-of-view
FRL Fuselage reference line
GAMMA Flight path angle
HDBK Handbook
HUD Head-up display
IAS Indicated airspeed
IFOV Instantaneous field of view
ILS Instrument landing system
IMC Instrument meteorological conditions
INS Inertial navigation system
LOP Line of position
LRU Line replaceable unit
MACH Mach number
MIL Military specification/standard
MLS Microwave landing system
MTBF Mean time between failures
N/P Non-precision
NVG Night vision goggles
PDU Pilot display unit
PFP Potential flight path
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PFR Primary flight reference
PRE Precision approach
PVSA Primary visual signal area
r.TCA Radio Technical Commitee for Aeronautics
SAE Society of Automotive Engineers
STD Standard
TACAN Tactical air navigation (system)
TAS True airspeed
TFOV Total field of view
THETA Aircraft pitch attitude
TOF Time of flight
TOGA Takeoff/go around
UA Unusual attitude
UO User organization
VFOV Vertical field of view
VHF Very high frequency
VMC Visual meteorological conditions
VOR VHF omnirange (navigation system)
VTOL Vertical takeoff and landing

I

• I
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APPENDIX D: REFERENCES

A. Specifications/standards cited as references:

AFSC-DH-2-2 CREW STATIONS AND PASSENGER ACCOMMODATIONS

DOD-STD-2167 DEFENSE SYSTEM SOFTWARE DEVELOPMENT

FAA-AC- CERTIFICATION PROCEDURES FOR PRODUCTS AND PARTS
21.303-1A

FAA-AC- SYSTEM DESIGN ANALYSIS
25.1309-1

FAA-AC- CRITERIA FOR APPROVAL OF CATEGORY III LANDING
21.303-1A WEATHER MINIMA

MIL-E-5400 MILITARY SPECIFICATION: ELECTRONIC EQUIPMENT,
GENERAL SPECIFICATION FOR

MIL-W-5088H MILITARY SPECIFICATION: WIRING, AEROSPACE

MIL-R-6771 MILITARY SPECIFICATION: REFLECTOR, GUNSIGHT
GLASS

MIL-F-7513 MILITARY SPECIFICATION: NOMENCLATURE ASSIGN-
MENT, CONTRACTORS METHOD FOR OBTAINING

MIL-F-8785C MILITARY SPECIFICATION: FLYING QUALITIES OF PI-

LOTED AIRPLANES

MIL-P-15024 MILITARY SPECIFICATION: PLATE, IDENTIFICATION

MIL-M-18012 MILITARY SPECIFICATION: MARKING FOR AIRCREW
STATION DISPLAYS, DESIGN CONFIGURATION OF

MIL-D-87213 MILITARY SPECIFICATION: DISPLAYS, AIRBORNE,
ELECTRONICALLY/OPTICALLY GENERATED

MIL-HDBK-217D MILITARY HANDBOOK: RELIABILITY STRESS AND FAIL-
URE RATE DATA FOR ELECTRONIC EQUIPMENT

MIL-STD-411D MILITARY STANDARD: AIRCREW STATION SIGNALS

MIL-STD-704 MILITARY STANDARD: AIRCRAFT ELECTRICAL POWER
CHARACTERISTICS

MIL-STD--882C MILITARY STANDARD: SYSTEM SAFETY PROGRAM RE-
QUIREMENTS
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MIL-STD-1333A MILITARY STANDARD: AIRCREW STATION GEOMETRY FOR
MILITARY AIRCRAFT

MIL-STD-1472 MILITARY STANDARD: HUMAN ENGINEERING DESIGN
CRITERIA FOR MILITARY SYSTEMS, MUIPMENT, AND
FACILITIES

MIL-STD-1787 MILITARY STANDARD: AIRCRAFT DISPLAY SYMBOLOGY

RTCA/DO-160A ENVIRONMENTAL AND TEST PROCEDURES FOR AIRBORNE
EQUIPMENT

RTCA/DO-178 SOFTWARE CONSIDERATIONS IN AIRBORNE SYSTEMS AND
EQUIPMENT CERTIFICATION

SAE-ARP-268F AEROSPACE RECOMMENDED PRACTICE: LOCATION AND
ACTUATION OF FLIGHT DECK CONTROLS FOR COMMER-
CIAL TRANSPORT TYPE AIRCRAFT

SAE-AS-425C AEROSPACE STANDARD: NOMENCLATURE AND ABBREVIA-
TIONS FOR USE ON THE FLIGHT DECK

B. HUD/Electronic Display Specifications/Standards:

MIL-D-81641AS MILITARY SPECIFICATION: DISPLAY, HEAD-UP, GEN-
ERAL SPECIFICATION FOR

MIL-D-87213 MILITARY SPECIFICATION: DISPLAYS, AIRBORNE,
ELECTRONICALLY/OPTICALLY GENERATED

MIL-STD-203F MILITARY STANDARD: AIRCREW STATION CONTROLS AND
DISPLAYS FOR FIXED WING AIRCRAFT

MIL-STD-884C MILITARY STANDARD: ELECTRONICALLY OR OPTICALLY

GENERATED DISPLAYS FOR AIRCRAFT CONTROL OR COM-
BAT CUE INFORMATION

MIL-STD-1787 MILITARY STANDARD: AIRCRAFT DISPLAY SYMBOLOGY

SAE-ARP-4053 AEROSPACE RECOMMENDED PRACTICE: FLIGHT DECK,
HEAD-UP DISPLAYS, Vol. 2, Annex 8

SAE-S-8034 AEROSPACE STANDARD: MINIMUM PERFORMANCE STAN-
DARDS FOR AIRBORNE MULTIPURPOSE ELECTRONIC DIS-
PLAYS

FAA-Draft-AC PILOT EVALUATION FACTORS FOR ELECTRONIC FLIGHT
(7 Feb 84) INSTRUMENT SYSTEMS

FAA-Draft-AC DISPLAY FACTORS FOR ELECTRONIC FLIGHT INSTRU-
(7 Jun 85) MENT SYSTEMS USING COLOR CRT DISPLAYS
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FAA-Draft-AC CRITERIA FOR OPERATIONS AND AIRWORTHINESS AP-
(no date) PROVAL OF HEAD-UP DISPLAYS (HUD) FOR AIR CAR-

RIER AIRCRAFT

C. Reviews of HUD specifications:

J. F. Barnette, ROLE OF HEAD-UP DISPLAY IN INSTRUMENT FLIGHT,
USIFC-LR-76-2, August 1976

D. E. Egan and J. E. Goodson, HUMAN FACTORS ENGINEERING FOR
HEAD-UP DISPLAYS: A REVIEW OF MILITARY SPECIFICATIONS AND
RECOMMENDATIONS FOR RESEARCH, NAMRL Monograph-23, April 1978

L. H. Frank, COMPARISON OF SPECIFICATIONS FOR HEAD-UP DIS-
PLAYS IN THE NAVY A-4M, A-7E, AV-8A, AND F-14A AIRCRAFT,
NAMRL-SR-79-6, November 1979; AD-A080047

R. S. Kane, STUDY AND ANALYSIS OF REQUIREMENTS FOR HEAD-UP
DISPLAY (HUD), NASA CR-66912, March 1970

J. M. Ketchel and L. L. Jenney, ELECTRONIC AND OPTICALLY GEN-
ERATED AIRCRAFT DISPLAYS, JANAIR Report 680505, May 1968

W. L. Martin (ed.), OPTICAL AND HUMAN PERFORMANCE EVALUATION
OF HUD SYSTEMS DESIGN, AFAMRL-TR-83-95, December 1983

R. L. Newman, OPERATIONAL PROBLEMS ASSOCIATED WITH HEAD-UP
DISPLAYS DURING INSTRUMENT FLIGHT, AFAMRL-TR-80-116, October
1980

R. L. Newman and T. G. Foxworth, A REVIEW OF HEAD-UP DISPLAY
SPECIFICATIONS, Crew Systems TR-84-04, Final Report on Con-
tract F33615-83-C-5124, April 1984

E. W. Opittek, HEAD-UP DISPLAY STUDY, AFAL-TR-73-215, July
1973

W. P. Orrick and P. E. York, HEAD-UP DISPLAY SYMBOLOGY, NADC-75267-40, December 1975

R. Warren, L. V. Genco, and T. R. Connon, HORIZONTAL DIPLOPIA
THRESHOLDS FOR HEAD-UP DISPLAYS, AFAMRL-TR-84-18, April 1984

HEAD-UP DISPLAY SYMBOLOGY AND MECHANIZATION STUDY, Midwest
Systems Research Report, Final Report on Contract F33615-83-
C-5125, March 1984
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APPENDIX E: HUD BIBLIOGRAPHY

The bibliography is intended to assist the HUD engineer in
reviewing the state-of-the-art as well as in obtaining some his-
torical perspective of HUDs. The references are listed on a year-
by-year basis and are ordered alphabetically by author within
each each year. References with no personal author follow on a
year-by-year basis. References for which no publication date are
available are grouped at the end.

References

1 W. F. Grether, DISCUSSION OF PICTORIAL VERSUS SYMBOLIC AIR-
CRAFT INSTRUMENT DISPLAYS, Air Material Command TSEAA-694-
88, 1947

2 G. W. Hover, "Pictorial versus Symbolic Indication," SKY-
WAYS, January 1954, pp. 17, 39-40

3 E. S. Calvert, VISUAL AIDS AND THEIR EFFECT ON LANDING SUC-
CESS AND SAFETY, RAE EL1486, October 1955

4 J. C. Lane and R. W. Cumming, THE ROLE OF VISUAL CUES IN FI-
NAL APPROACH TO LANDING, Aeronautical research Laboratories
(Australia) HEN-i, May 1955

5 L. C. Bentley and J. M. Naish, MEANS FOR DISPLAYING NAVIGA-
TIONAL INFORMATION TO THE PILOT OF AN AIRPLANE, British Pat-
ent 891,255, July 1959

6 M. C. Burrett, TECHNICAL DESCRIPTION OF THE PILOT'S DISPLAY
PROJECTOR TO BE USED IN THE BELL H-40 HELICOPTER, North
American Autonetics EM-5773, May 1959

7 R. E. Johnson, PILOT'S OPTICAL DISPLAY DEVICE, Link TR-59-
22, December 1959

8 J. C. Lane and R. W. Cumming, PILOT OPINIONS AND PRACTICES
ON THE APPROACH TO LANDING: A QUESTIONNAIRE SURVEY AMONG
ATU RITTA CVTTL 7 ,1,- LTTTnADV n'TS, Aeronautical Resedch
Laboratories (Australia) HER-1, April 1959

9 P. R. Ramage, "Simplifying the Pilot's Task," AIRPLANE AND
ASTRONAUTICS, 416, October 1959

10 "Optical Display Adds Visual Cues to Instrument Data," BUS-
INESS AND COMMERCIAL AVIATION, June 1959

11 A. M. A. Majenda, "The Para-Visual Director," JOURNAL OF THE
INSTITUTE OF NAVIGATION, 18, 1960, 447-454



-E2-

12 J. M. Naish, SIMULATION OF VISUAL FLIGHT WITH PARTICULAR
REFERENCE TO STUDY OF FLIGHT INSTRUMENTS, RAE CP-21663, 1960

13 J. M. Naish, SYSTEM FOR PRESENTING STEERING INFORMATION DUR-
ING VISUAL FLIGHT. PART I, THE POSITION OF THE PRESENTED IN-
FORMATION, RAE TN-IAP-1132, October 1961

14 "Head-Up Flight Information Display and Visual Flight Simu-
lator," AIRCRAFT ENGINEERING, January 1961, p. 22

15 J. R. Baxter and J. D. Workman, REVIEW OF PROJECTED DISPLAYS
OF FLIGHT INFORMATION, Aeronautical Research Laboratories
(Australia) HER-2, August 1962

16 D. M. Havron, INFORMATION AVAILABLE FROM NATURAL CUES DURING
FINAL APPROACH AND LANDING, Human Sciences Research Report
421-5R, March 1962

17 P. J. Klass, "New Blind Landing Aid is Demonstrated," AVIA-
TION WEEK, September 10, 1962, p. 144

18 T. McLane and E. F. Potter, DEVELOPMENT OF AN ADVANCED AP-
PROACH AND LANDING DISPLAY, Sperry Gyroscope CA-1245-0206,
August 1962

19 J. M. Naish, SYSTEM FOR PRESENTING STEERING INFORMATION DUR-
ING VISUAL FLIGHT. PART II, THE FORM OF THE PRESENTATION,
RAE TN-IAP-1138, February 1962

20 J. M. Naish, "Cockpit Displays and the Possible Application
of a Collimated Head-Up Display," SYMPOSIUM ON AIRCRAFT
TAKEOFF AND LANDING PROBLEMS, December 1962

21 J. R. Baxter, PROJECTED SYMBOLIC DISPLAYS FOR GENERAL AIR-
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14, March 1963

22 J. R. Baxter, "Projected Symbolic Display -- Its Application
to All Weather Landing," 15th IATA TECHNICAL CONFERENCE, LU-
CERNE, April 1963; WP-18

23 E. H. Fritze, "Flight Director, Comparator Monitor, And
Automatic Flight Control Guidance Development for All-Weath-
er Operations," 15th 'ATA TECHNICAL CONFERENCE, LUCERNE, Ap-
ril 1963; WP-17

24 V. E. Hamilton and J. A. Benson, "A Commentary on the Prob-
lems of Optical Presentation in Aircraft Cockpits," 15th
IATA TECHNICAL CONFERENCE, LUCERNE, April 1963; WP-108

25 J, Long, E. Martino, and C. Fragola, "Sperry Windshield Dis-
play System - A Major Advance in Aircraft Cockpits," 15th
IATA TECHNICAL CONFERENCE, LUCERNE, April 1963
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OF THE SPERRY HEAD-UP DISPLAY INSTALLED IN AN F-11A (F11F-1)
AIRPLANE, NATC FT-2211-15R-63, August 1963

30 R. A. Behan, et al., PILOT ACCEPTANCE FACTORS RELATED TO IN-
FORMATION REQUIREMENTS AND DISPLAY CONCEPTS FOR ALL-WEATHER
LANDING, NASA CR-189, 1964

31 L. Collins, "Bendix Microvision," AIR FACTS, September 1964

32 T. Gold, FLIGHT CONTROL SYSTEM, US Patent 3,128,623, April
1964

33 T. Gold, "Quickened Manual Flight Control with External Vi-
sual Guidance," IEEE TRANSACTIONS ON AEROSPACE AND NAVIGA-
TIONAL ELECTRONICS, September 1964, pp. 151-156

34 K. J. Holden, "Instrument Displays for Blind Flying," JOUR-
NAL OF THE ROYAL AERONAUTICAL SOCIETY, 68, 1964, 834-836

35 R. K. Johnson and T. S. Momiyama, FLIGHT TEST AND EVALUATION
OF THE SPECTOCOM HEAD-UP DISPLAY INSTALLED IN AN A-5A AIR-
PLANE, NATC FT-2222-65R-64, December 1964

36 M. Lambert, "Head-Up Over the Hills," FLIGHT INTERNATIONAL,
22 October 1964, pp. 709-713

37 C. H. Mattinson, "Formation Flying with Microvision," US
ARMY AVIATION DIGEST, December 1964, pp. 8-9

38 J. M. Naish, SYSTEM FOR PRESENTING STEERING INFORMATION DUR-
ING VISUAL FLIGHT. PART III, THE INFLUENCE OF ERRORS AND
LIMITATIONS, RAE TR-64026, October 1964

39 J. M. Naish, "Combination of Information in Superimposed Vi-
sual Fields," NATURE, 202, 1964, 641-646

40 J. M. Naish, "The Flight Simulator in Display Research,"
JOURN AL OF THE ROYAL AERONAUTICAL SOCIETY, 68, 1964, 653-659



-E4-

41 P. A. Noxon, STATUS REPORT ON THE DEVELOPMENT OF MICROVI-
SION, SAE Paper 847B, April 1964

42 0. Sviden, FLIGHT DYNAMICS MODEL FOR SIMULATOR EXPERIMENTS
WITH HEAD-UP DISPLAYS, SAAB YK-37-64.B7, 1964

43 0. Sviden, SYMBOLS AND CONTROL LAWS FOR THE POLE TRACK HEAD-
UP DISPLAY, SAAB YK-37-64.B8, 1964

44 A. J. Benson, "Spatial Disorientation in Flight," in A TEXT-
BOOK OF AVIATION PHYSIOLOGY, J. A. Gillies (ed.), London:
Pergamon Press. 1965. pp. 1086-1129

45 B. Bergstrom, MULTI-TASK PERFORMANCE IN SIMULATED FLIGHTS
WITH A HEAD-UP DISPLAY, SAAB YK-37-65.RI, 1965

46 W. L. Carel, PICTORIAL DISPLAYS FOR FLIGHT, Hughes TR-2732-
01/40, December 1965

47 R. F. Gabriel, L. R. Uyeda, and A. A. Burroughs, AN INVESTI-
GATION OF LIGHTING IN DISPLAYS WITH SUPERIMPOSED FIELDS AT
LOW LEVELS OF ILLUMINATION, Douglas Aircraft AD-613344, Feb-
ruary 1965

48 T. Gold and J. D. Workman, "Research in the Application of
Windshield Projection Displays to the All-Weather Landing
Task," JOURNAL OF AIRCRAFT, 2, 1965, 328-336

49 C. R. Kelley, J. M. Ketchell, and P. H. Strudwick, EXPERI-
b MENTAL EVALUATION OF HEAD-UP DISPLAY HIGH BRIGHTNESS RE-

QUIREMENTS, Kaiser TR-HFR-9765-1, November 1965

50 J. M. Naish, "Display Research and its Application to Civil
Aircraft," JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY, 69,
1965, 662-669

51 3. M. Naish and R. Shiel, FLIGHT TRIALS OF HEADS-UP DISPLAY
(HUD) IN METEOR AND HUNTER AIRCRAFT, RAE TR-65254, November
1965

52 L. Nordstrom, EYE LEVEL FLIGHT INFORMATION BY A PERSPECTIVE
POLE-TRACK, SAAB TN-58, 1965

53 P. A. Noxon, "Microvision: A Universal All-Weather Landing,
Station Keeping and Navigational System," JOURNAL OF THE -
AMERICAN HELICOPTER SOCIETY, January 1965

54 C. R. Reede, "KLM - Studies Betreffende de Landing van

Vliegtuigen bij Lage Weerslimieten," DE INEGNIEUR, 77, No-
vember 1965, 1-13

55 T. C. D. Whiteside, "Accommodation and Eye Movements," in A
TEXTBOOK OF AVIATION PHYSIOLOGY, J. A. Gillies (ed.), Lon-
don: Pergamon Press. 1965. pp. 1014-1020



-E5-

56 "Pilot Reaction to Sperry Display Assessed," AVIATION WEEK,
August 9, 1965, pp. 115-117

57 "Symposium on Displays," JOURNAL OF THE ROYAL AERONAUTICAL
SOCIETY, 69, 1965, 651-669

58 B. Bergstrom, "Interpretability of Symbols in a Head-Up Dis-
play," 6TH CONFERENCE, WESTERN EUROPEAN ASSOCIATION FOR AVI-
ATION PSYCHOLOGY, THE HAGUE, 1966

59 J. G. Curtin and J. H. Emery, A HELICOPTER FLIGHT EVALUATION
OF A HEAD-UP DISPLAY, JANAIR TR-D228-420-010, February 1966

60 J. G. Fox, I. Ferguson, and I. D. C. Andrew, AN ANNOTATED
BIBLIOGRAPHY ON PRESENTATION OF INFORMATION IN AIRCRAFT
COCKPITS, UK Ministry of Aviation Report, March 1966

61 D. E. Fry, K. Burdin, and M. R. Green, THE DESIGN AND FLIGHT
TESTING OF A TAKE-OFF AND OVERSHOOT DIRECTOR, RAE TR-66083,
March 1966

62 G. Klopfstein, "Rational Study of Aircraft Piloting," INTRA-
DOS, ca. 1966; reprint supplied by Thomson-CSF

63 J. C. Morrall, PILOT'S SAFETY PROBLEM IN CATEGORY 2 OPERAT-
IONS AND POTENTIAL CONTRIBUTION OF HEAD-UP DISPLAYS, RAE TR-
66195, 1966

64 J. C. Morrall, THE ROLE OF THE PILOT IN ALL-WEATHER OPERA-
TIONS, RAE TM-BLEU-123, 1966

65 S. N. Roscoe, S. G. Hasler, and D. J. Dougherty, "Flight by
Telescope: Making Takeoffs and Landings; The Influence of
Image Magnification; Practice: and Various Conditions of
Flight," HUMAN FACTORS, 8, 1966, 13-40

66 R. P. Snodgrass, "On-the-Windshield Displays Improve Flight
Control" CONTROL ENGINEERING, 13, January 1966, 61-66

67 R. M. Tamura, "A Consideration of Visual Cues Used in Land-
ing," AEROSPACE MEDICAL ASSOCIATION CONFERENCE, LAS VEGAS,
1966

68 HEAD-UP DISPLAY SYSTEM, Bendix Brochuie, 1966

69 R. H. Beck, "The Revival of the 'One Man Band'," AIR LINE
PILOT, June 1967, pp. 7-21

70 R. A. Behan and F. A. Siciliani, "Landing Task and Pilot Ac-
ceptance of Displays," JOURNAL OF AIRCRAFT, 4, 1967, 141-145

71 B. Bergstrom, INTERPRETABILITY STUDIES OF ELECTRONIC FLIGHT
INSTRUMENTS, SAAB TN-61, 1967



-E6-

72 K. L. Burroughs, L-193 HEAD-UP DISPLAY AND CONCORDE SST,
ALPA Report, November 1967

73 T. J. Harris, et al., HOLOGRAPHIC HEAD-UP DISPLAY, IBM AD-
825633, December 1967

74 S. Knerteyer and G. L. Yingling, "Results of the USAF Pilot
Factorc Program as They Apply to Flight Safety," 12TH ANNUAL
FLIGHT SAFETY FOUNDATION BUSINESS AIRCRAFT SAFETY SEMINAR,
WASHINGTON, May 1967

75 J. M. Naish, "Factors Affecting Head-Up Display Design," 8th
ANNUAL SYMPOSIUM ON HUMAN FACTORS IN ELECTRONICS, PALO ALTO,
May 1967

76 S. M. Soliday and J. R. Milligan, SIMULATION OF LOW ALTITUDE
HIGH SPEED MISSION PERFORMANCE, North American SEG-TR-66-67,
1967

77 C. L. Stout and J. M. Naish, "Total System Concept for Cate-
gory III Operations," PROCEEDINGS SOCIETY OF EXPERIMENTAL
TEST PILOTS SYMPOSIUM, BEVERLY HILLS, September 1967

78 C. L. Tipton, APPLICATION OF MAN-AACHINE EQUALIZATION TECH-
NIQUES, NRL AD-648301, January 1967

79 R. M. Walchli, HEAD-UP DISPLAY REVIEW, Bunker-Ramo F044-7Ul,
July 1967

80 L. Wallis, BALPA VISIT TO BLEU ON 25th SEPTEMBER 1967 --
HEAD-UP DISPLAY, BALPA 8-TEC-2/2/5, October 1967

81 F. M. Wilson, JET TRANSPORT DESIGN CONSIDERATIONS FOR CATE-
GORY III ALL-WEATHER LANDING SYSTEMS, SAE Paper, October
1967

82 "Head-Up Unit Tried in Category 3 System," AVIATION WEEK,
June 26, 1967, pp. 60-70

83 PROCUREMENT SPECIFICATIONS FOR DISPLAY SET, PILOT HEAD-UP
FOR A A-7D/E AIRPLANE, Vought Specification 204-16-19C,
March 1967

84 R. H. Beck, "A Condensed Summary of the Case for a Head-Up
Display," 15TH ALPA AIR SAFETY FORUM, July 1968

85 R. H. Beck, "The Hostile Environment o' Low Visibility," AIR
LINE PILOT, November 1968, pp. 4-19

86 P. Cane, "Head-Up Display for the Airlines," SHELL AVIATION
NEWS, 363, 1968. 16-19



-E7-

87 J. H. Crenshaw, "A-7D/E Avionics System," 20th NATIONAL AER-
OSPACE ELECTRONICS CONFERENCE, May 1968

88 ;. DeBotton, "Human Factors Evaluation of Head-Up Display
and Flight Performance by Photography and Data Reduction
Methods," HUMAN FACTORS, 10, 1968. 11-52

89 K. H. De Jong, CURRENT STATE OF DEVELOPMENT OF ALL-WEATHER
LANDING, Luftfahrttechnik Raumfahrttechnik Report, 1968

90 F. E. D. Dekker, "Head-Up Di play Symbology," PROBLEMS OF
THE COCKPIT ENVIRONMENT, AG) ~d CP-55, November 1968

91 P. J. Deliac, "A Collimator for Head-Up Display Piloting
(CSF-193)," PROBLEMS OF THE COCKPIT ENVIRONMENT, AGARD CP-
55, November 1968

92 J. H. Glover, VISUAL FLIGHT LANDING APPROACH AID, Boeing D6-
23712TN, October 1968

93 T. Gold and C. A. Deutschle, FLIGHT SIMULATION STUDY OF
HEAD-UP DISPLAYS FOR HIGH-SPEED FLIGHT AT LOW ALTITUDE,
Sperry SGD-4277-0190, December 1968

94 A. Hyman and T. Gold, "Dynamic Visual Cues in Flying," CUR-
RENT DEVELOPMENTS IN OPTICS AND VISION, Washington: NAS-NRC,
1968, pp. 3-21

95 D. Johnson and R. W. Jones, "The Head-Up Display of Approach
Information," PROBLEMS OF THE COCKPIT ENVIRONMENT, AGARD CP-
55, November 1968

96 M. J. Jullien, "Elaboration et Presentation d'Information
d'Aide a l'Atterrissage," PROBLEMS OF THE COCKPIT ENVIRON-
MENT, AGARD CP-55, November 1968

97 J. M. Ketchell and L. L. Jenney, ELECTRONIC AND OPTICALLY
GENERATED AIRCRAFT DISPLAYS: A STUDY OF STANDARDIZATION iZE-
QUIREMENTS, JANAIR TR-680505, May 1968

98 R. Lami, PILOT DEMAND NEW FLIGHm CONTROL INSTRUMENTS, IFALPA
L68C20, 1968

99 G. B. Litchford, "The Low Visibility Landing. Part I: 1200
RVR," ASTRONAUTICS AND AERONAUTICS, November 1968, pp. 26-38

100 G. B. Litchford, "The Low Visibility Landing. Part II: The
Systems Challenge," ASTRONAUTICS AND AERONAUTICS, December
1968, pp. 44-56

101 P. Lowry, "The Impact of Electronic Displays on Aircraft
Control," ADVANCED CONTROL SYSTEM CONCEPTS, AGARD CP-58,
September 1968



-E8-

102 R. Monroe, D. Vreuls, and C. A. Semple, SUMMARY OF ALL
WEATHER LANDING SIMULATION STUDIES, FAA RD-68-13, 1968

103 J. M. Naish, PROPERTIES AND DESIGN OF THE HEAD-UP DISPLAY,
Douglas DP-4951, April 1968; McDonnell Douglas J1409, Febru-
ary 1970

104 N. Penney, "Safety Aspects of HUD," FLIGHT SAFETY, December
1968

105 0. B. St. John, "All-Weather Landing," SHELL AVIATION NEWS,
364, 1968, 2-11

106 W. C. Schultz, "Problems of Information Transfer in the Mod-
ern Jet Cockpit," PROBLEMS OF THE COcKPIT ENVIRONMENT, AGARD
CP-55, November 1968

107 W. C. Schultz, PROBLEMS OF INFORMATION TRANSFER IN THE MOD-
ERN JET COCKPIT, Cornell Aeronautical Laboratoxy CAL-IH-
2235-B-I, December 1968

108 G. Schweizer and W. Bollinger, "Some Aspects of the Display
Configuration of Modern Aircraft," PROBLEMS OF THE COCKPIT
ENVIRONMENT, AGARD CP-55, November 1968

109 C. L. Stout, "Recent Developments in Head-Up DisplAy Sys-
tems," 15th ALPA AIR SAFETY FORUM, July 1968

110 F. L. Wallace, "Head-Up Displays ... Some Unanswered Ques-
tions," 15th ALPA AIR SAFETY FORUM, July 1968

111 D. J. Walters, "The Electronic Display of Primary Flight
Data," PROBLEMS OF THE COCKPIT ENVIRONMENT, AGARD CP-55, No-
vember 1968

112 B. S. Wolfe and G. R. Sleight, "When Will Head-Up Go Civ-
il?", FLIGHT INTERNATIONAL, 26 December 1968, pp. 1064-1065

113 PROBLEMS OF THE COCKPIT ENVIRONMENT, AGARD CP-55, November

1968

114 15th ALPA AIR SAFETY FORUM, ALPA, July 1968

115 A COMPARISON OF "ELECTRONIC WORLD" AND "FLIGHT DIRECTOR
WORLD" HEAD-UP DISPLAY: THEIR INSTALLATION AND PHILOSOPHY,
Elliott Brothers ADD-229, April 1968

116 OPERATIONAL AND TECHNICAL DFSCRIPTION OF LIBRASCOPE MODEL L-
193 HEAD-UP DISPLAY (HUD) SYSTEM, General Precision, July
1968

117 FLIGHT SIMULATION INVESTIGATION OF HEAD-UP DISPLAY FOR LOW
ALTITUDE HIGH-SPEED MISSION, USAF: ASD TR-68-5, March 1968



-E9-

118 HEAD-UP DISPLAY, USAF: AFFDL Fact Sheet FS-68-28, 1968

119 D. B. Armstrong, THE VALUE OF A HEAD-UP DISPLAY WHEN LANDING
A LARGE AIRCRAFT, RAE TR-69236, October 1969

120 H. Becker, A NEW GENERATION OF VISUAL FLIGHT CONTROL DISP-
LAYS, Luftfahrttechnik Raumfahrttechnik Report, December
1969

121 J. Bentley, B. F. McLead, and J. Wilson, "Autcmatic Land-
ing," FLIGHT INTERNATIONAL, 31 October 1969, pp. 670-676

122 N. C. Ellis and A. M. Ray, "A Sim lator Study of the A-7
Head-Up Display in Aircraft Weapons Delivery," HUMAN FACTORS
SOCIETY ANNUAL MEETING, October 1969

123 H. G. Gaidsich, W. H. Dana, and R. C. McCracken, EVALUATION
OF AN INDIRECT VIEWING SYSTEM FOR LIFTING-BODY TERMINAL AREA
NAVIGATION AND LANDING TASKS, NASA TN-D-5299, July 1969

124 T. Go)d and E. F. Potter, "Visual Suitability -- A Primary
Factor in Head-Up Displays," SPERRY RAND ENGINEERING REVIEW,
January 1969, pp. 37-43

125 B. J. Greenland, "A Simple Head-Up Display for Civil Air-
craft," ELECTRONIC ENGINEERING ASSOCIATION AND MINISTRY OF
TECHNOLOGY SYMPOSIUM (UK), September 1969

126 C. L. Kraft and C. L. Elworth, "Night Visual Approaches,"
AIR LINE PILOT, June 1969, pp. 20-22

127 F. P. Martin, V/STOL HEAD-UP DISPLAY WORK AT ROYAL AIRCRAFT
ESTABLISHMENT, Farnborough, RAE ONRL-M-4-69, March 1969

128 B. Miller, "Head-Up Display Aids All-Weather Landings," AVI-
ATION WEEK, January 13, 1969, pp. 92-94

129 J. M. Naish and M. F. Von Wieser, "Human Factors in the All-
Weather Approach," SHELL AVIATION NEWS, 374, 1969, 2-11

130 E. F. Potter, et al., HEAD-UP DISPLAY SET AN/AVQ-15(V), ASD
TR-69-110, 1969

131 J. M. Rolfe, "Human Factors and the Display of Height Infor-
mation," APPLIED ERGONOMICS, 1, 1969, 16-24

132 J. G. Ryan, RESULTS OF THE F-14A HUD SYMBOLOGY SIMULATION,
NADC SD-6940, June 1969

133 0. B. St. John, "All Weather Landing," AIRCRAFT LANDING SYS-
TEMS, AGARD CP-59, May 1969

134 W. T. Sirgyleton, "Display Design: Pricpi-s ond x(-
dures," ERGONOMICS, 12, 1969, 519-531



-E10-

135 G. R. Sleight and C. J. G. Lewis, PRACTICAL EXPERIENCE WITH
ELECTRONIC HEAD-UP DISPLAYS IN TRANSPORT AIRCRAFT, Elliott
29/11/2/BO5, September 1969

136 M. E. Stormo, "Recent Developments in Low-Cost Head-Up Dis-
plays," 14th ANNUAL FLIGHT SAFETY FOUNDATION BUSINESS AIR-
CRAFT SAFETY SEMINAR, WASHINGTON, May 1969

137 16th ALPA AIR SAFETY FORUM, ALPA, July 1969

138 "The Growing Need for Head-Up Displays," INTERAVIA, May 1969

139 80 SERIES HEAD-UP DISPLAY FITTED TO MCDONNELL-DOUGLAS DC-9-
20, Marconi-Elliott, January 1969

140 HEAD-UP DISPLAY, AFFDL Fact Sheet FS-69-58, 1969

141 HEAD-UP DISPLAY, AFFDL Fact Sheet FS-69-59, 1969

142 HEAD-UP DISPLAY, AFFDL Fact Sheet FS-69-60, 1969

143 HEAD-UP DISPLAY, AFFDL Fact Sheet FS-69-62, 1969

144 R. H. Beck, THE MEN, THE MACHINE, AND THE APPROACH, ALPA Re-
port, 1970

145 M. E. Benjamin, "F-14 Uses Digital Display Method," AVIATION
WEEK, July 1, 1970, pp. 45-46

146 M. J. Cassano and W. F. Swartz, A PROGRAM FOR STUDY AND IN-
FLIGHT INVESTIGATION OF THE ROLE OF HEAD-UP DISPLAYS IN THE
SEE-TO-LAND CONCEPT, Bunker-Ramo Report, June 1970

147 J. L. DeCelles, E. J. Burke, and K. L. Burioughs, "The Fail-
Safe Landing," 17th ALPA AIR SAFETY FORUM, July 1970

148 W. B. Gartner and K. M. Baldwin, IMPROVED DISPLAY SUPPORT
FOR MANAGEMENT DURING A SIMULATOR EVALUATION OF AN ILS-IN-
DEPENDENT RUNWAY PERSPECTIVE DISPLAY, NASA CR-73495, Novem-
ber 1970

149 T. Gold and A. Hyman, VISUAL REQUIREMENTS STUDY FOR HEAD-UP
DISPLAYS, JANAIR 680712, March 1970

130 T. J. Harris, et al., HOLOGRAPHIC HEAD-UP DISPLAY, IBM AD-
703683, March 1970

151 4. H. Hasselgring, A SURVEY OF SIGHTING AND AIMING DEVICES,
NAFI TR-1557, July 1970

152 C. L. Hussey, EVALUATION OF A WIDE ANGLE HEAD-UP DISPLAY OP-
TICAL SYSTEM, NADC AM-7042, December 1970



-Ell-

153 R. S. Kane, STUDY AND ANALYSIS OF REMUIREMENTS FOR HEAD-UP
DISPLAY (HUD), NASA CR-66912, March 1970 1

154 D. D. Korell and D. L. Schmidt, CRT DISPLAYS FOR BUSINESS
AIRCRAFT, SAE Paper 700210, March 1970

155 R. Lami and R. H. Beck, SOLUTIONS TO PILOTING PROBLEMS BY
MEANS OF HEAD-UP DISPLAYS FROM COLLIMATED INSTRUMENTS, ICAO
AWOP-B10/16, August 1970

156 J. R. Lowe, FLIGHT PATH ANGLE DISPLAY STUDY, McDonnell-Doug-
las MDC-J0812, July 1970

157 G. F. Mussman, TECHNICAL REPORT FOR A-7 HEAD-UP DISPLAY AND
AUDIO-VIDEO RECORDING SYSTEM, McDonnell-Douglas Report, No-
vember 1970

158 J. M. Naish, "Control Gains in Head-Up Presentation," PRO-
CEEDINGS OF 6th ANNUAL CONFERENCE ON MANUAL CONTROL, WRIGHT-
PATTERSON AFB, April 1970

159 J. M. Naish, FLIGHT TESTS OF THE HEAD-UP DISPLAY (HUD) IN
DC-9-20, SHIP 382, McDonnell-Douglas MDC-J0878, 1970

160 "The Advantages of HUD," JOURNAL OF AIR TRAFFIC CONTROL, 12,
1970

161 TECHNICAL DESCRIPTION OF THE VISUAL LANDING SYSTEM, United
Data Control 060-0483-001A, July 1970

162 VISUAL LANDING AID SYSTEM, USAF: AFFDL Fact Sheet FS-70-61,
1970

163 C. Arnoldy, "Cockpit Displays: Users versus Makers," INFOR-
MATION DISPLAY, July/August 1971, pp. 27-36

164 A. J. Benson (ed.), THE DISORIENTATION INCIDENT, AGARD CP-
95, 1971; AD-742496

165 K. T. Burnette, "The Status of Human Perceptual Characteris-
tic Data for Electronic Flight Display Research," GUIDANCE
AND CONTROL D1SPLAYS, AGARD CP-96, October 1971

166 B. Caiger, "Review of Several Factors Relevant to Jet Up-
sets," LESSONS WITH EMPHASIS ON FLIGHT MECHANICS FROM OPER-
ATING EXPERIENCE, INCIDENTS AND ACCIDENTS, AGARD CP-76, 1971

167 J. J. Carroll, "What the Pilot Sees During Instrument Ap-
proaches in Low-Visibility Conditions," 24th INTERNATIONAL
AIR SAFETY SEMINAR, MEXICO CITY, Flight Safety 

Foundation, 1)
October 1971



-E12-

168 J. W. Chappelow and J. M. Rolfe, DISPLAY OF INFORMATION IN
THE AIRCRAFT COCKPIT, IEE Conference Publication 80, Septem-
ber 1971

169 T. G. Dobie, "The Disorientation Accidents -- Philosophy of
Instrument Flying Training," THE DISORIENTATION INCIDENT,
AGARD CP-95, 1971, Paper A15; AD-742496

170 N. Driscoll, "Avionics Integration -- The Pilot's Part,"
PROCEEDINGS 15TH SOCIETY OF EXPERIMENTAL TEST PILOTS SYMPO-
SIUM, Beverly Hills, September 1971

171 J. A. Fitzgerald, EVALUATION OF AN AIRBORNE AUDIO-VIDEO RE-
CORDING SYSTEM FOR AIRCRAFT EQUIPPED WITH HUD, AFHRL TR-71-
20, May 1971

172 J. A. Fitzgerald and D. L. Moulton, EVALUATION OF AIRBORNE
AUDIO-VIDEO RECORDINGS AS A TOOL FOR TRAINING IN THE A-7D
TACTICAL FIGHTER, AFHRL(FT) TR-72-55, October 1971

173 T. G. Foxworth and R. L. Newman, A PILOT'S LOOK AT AIRCRAFT
INSTRUMENTATION, A1AA Paper 71-787, August 1971

174 U. Frieberg, "Basic About Scale One-to-One Head-Up Display,"
PROCEEDINGS 15th SOCIETY OF EXPERIMENTAL TEST PILOTS SYMPO-
SIUM, Beverly Hills, September 1971, pp. 77-85

175 R. A. Harlow, FLIGHT ASSESSMENT OF HEAD-UP DISPLAY AS A
CLEAR WEATHER APPROACH AID, RAE TR-71141, July 1971

176 D. A. Hodgson, "Pilot Vision During Final Approach-and-Land-
ing in Turbojet Transport Operations,' AEROSPACE MEDICINE,
42, 1971, 205-208

177 D. 0. Horning, et al., HEAD-UP DISFLAY STUDY, FAA RD-71-60,
May 1971

178 P. Jainski, EINFLUSS DER BLENDUNG AUF DAS ERKENNEN ELEKTRON-
ISCHER ANZEIGEN IN KANZELN MODERNER HOCHLEISTUNGFLUGZEUGE
KURZFASSUNG (The Effect of Dazzle on Electronic Display Vis-
ibilit . in Modern High Performance Aircraft Cockpits, A Sum-
mary), RAE Translation 1545, March 1971; original report
from German Federal Ministry of Defense

179 L. L. Jenney, et al., HEAD-UP DISPLAYS: A STUDY OF THEIR AP-
PLICABILITY IN CIVIL AVIATION, NASA CR-117135, January 1971

180 Larribiere and Lacombe, "Exploitation des Minima Categorie
IIiA a Air Inter" (Exploitation of Category IIIA Minima at
Air Inter), COLLOQUIUM ON AERONAUTICAL METEOROLOGY, PARIS,
May 1971, Paper 9



-E13-

181 J. A. La Russia, "Multi-Purpose, Wide-Field, Three-Dimen-
sional Head-Up Display for Aircraft," GUIDANCE AND CONTROL
DISPLAYS, AGARD CP-96, October 1971

182 A. C. McTee, D. L. Carmack, and R. K. Taylor, HUD INVESTIGA-
TION IN LOW VISIBILITY, IPIS 71-3, June 1971

183 J. M. Naish, "Information Transfer in All-Weather Opera-
tions," SHELL AVIATION NEWS, 396, 1971, 8-10

184 M. J. Ripley and T. E. Dobry, FLIGHT EVALUATION OF A WIDE
FIELD-OF-VIEW HEAD-UP DISPLAY INSTALLED IN AN A-6A AIRPLANE,
NATC WST-134R-71, August 1971

185 W. Russel, FROM AUTOMATIC LANDING TO CATEGORY III, SAE Paper
710441, May 1971

186 G. E. Skelton and R. L. Sulzer, PREVENTION OF AIRCRAFT LOSS-
OF-CONTROL USING A SIMPLE HEAD-UP DISPLAY, FAA AD-726280,
June 1971

187 J. H. Smith, "The Impact of Advancing Technology on the Evo-
lution of Electronic Head--Up Display Systems," GUIDANCE AND
CONTROL DISPLAYS, AGARD CP-96, October 1971

188 J. P. Sones, HEAD-UP DISPLAY SYSTEM IN MODERN AIRCRAFT, IEE
Conference Fblication 80, September 1971

189 L. E. Swartzendruber, et al., AN EXPERIMENTAL INVESTIGATION
OF TWO LINEAR RATE-FIELD DISPLAYS, University of Illinois
AD-726643, May 1971

190 R. K. Taylor and A. C. McTee, EVALUATION OF EXTERNALLY
MOUNTEV HEAD-UP DISPLAY (PCI), IPIS TR-71-2, August 1971

191 P. E. Tyler and P. A. Furr, "Disorientation, 'Fact and Fan-
cy'," THE DISORIENTATION INrIDENT, AGARD CP-95, 1971, Paper
A4; AD-742496

192 P. Yiotis, T. Gold, and W. Clark, STUDY OF HEAD-UP DISPLAYS
FOR HELICOPTER/STOL AIRCRAFT, Sperry Rand AD-744334, March
1971

193 M. Zebrowski, "Studies of Perception of Information on the
Spatial Position of an Aircraft," TECH. LOTNICZA I ASTRO-
NAUTYCZNA (POLAND), 26, 1971, 35-37; NASA TM-75153

194 GUIDANCE AND CONTROL DISPLAYS, AGARD CP-96, October 1971

195 ENGINEERING REPORT, DE'.TA GAMMA VISUAL LANDING SYSTEM, Sund- 
N

strand Data Control 07n-0676-001, June 1971

196 A-7D AIRBORNE VIDEO RECORDING SYSTEM (AVRS), USAF: TAC ±iZ-

70A-113F, February 1971



-E14-

197 W. L. Augustine, HEAD-UP DISPLAY AREA SURVEY, AFFDL TM-72-
11-FGR, December 1972

198 M. Berjal, EXPERIMENTAL TESTING OF FLIGHT CONTROL HEAD-UP
DISPLAYS, Air France Report, June 1972; NASA Translation TM-
75205, January 1978

199 D. L. Carmack, LANDING WEATHER MINIMUMS INVESTIGATION, IPIS
AD-747654, January 1972

200 B. M. Elson, "Visual Approach Monitor Being Certified," AVI-
ATION WEEK, April 3, 1972

201 T. Gold and R. F. Perry, VISUAL REQUIREMENTS STUDY FOR HEAD-
UP DISPLAYS, JANAIR 700407, March 1972

202 J. M. Naish, "Head-Up Display for the Visual Approach," PRO-
CEEDINGS OF THE 8th ANNUAL CONFERENCE ON MANUAL CONTROL, ANN
ARBOR, May 1972

203 J. M. Naish, "Application of the Head-Up Display (HUD) to a
Commercial Jet Transport," JOURNAL OF AIRCRAFT, 9, 1972,
530-536

204 E. A. Palmer and F. W. Cronn, "Head-Up Displays for STOL Vi-
sual Approaches," NASA STOL TECHNOLOGY CONFERENCE, NASA SP-
320, October 1972

205 E. A. Palmer, NIGHT VISUAL APPROACHES -- PILOT PERFORMANCE
WITH AND WITHOUT A HEAD-UP DISPLAY, NASA TM-X-62188, October
1972

206 J. M. Reising and W. L. Augustine, EVALUATION OF THE THOM-
SON-CSF CV-91 AND OBSERVATION OF THE TC-121 DISPLAYS, AFFDL
TM-72-9-FGR, October 1972

207 P. A. Roitsch, "Visual Approach Monitor," SHELL AVIATION
NEWS, 411, 1972, 7-10

208 D. J. Sheehan, HEAD-UP DISPLAY WARNING REQUIREMENTS, Norden
1232-R-0006, August 1972

209 J. H. Smith, "The Evolution of Head-Up Displays," INTERAVIA,
27, 1972, 858-860

210 R. L. Therrien, "Head-Up Display -- A Pilot's Evaluation,"
17th ANNUAL FLIGHT SAFETY FOUNDATION CORPORATE AIRCRAFT
SAFETY SEMINAR, WASHINGTON, April 1972

211 R. L. Therrien, "NABTSCO and HUD," PROFESSIONAL PILOT, May
1972, pp. 27-29



-E15-

212 M. F. Von Wieser, "Operating a Head-Up Display," SHELL AVIA-
TION NEWS, 411, 1972, 14-19

213 J. W. Wilson, "Human Factors in Low Weather Operation of
Transport Aircraft," AUTOMATION IN MANNED AEROSPACE SYSTEMS,
AGARD CP-114, 1972

214 DISPLAYS FOR APPROACH AND LANDING OF V/STOL AIRCRAFT, AGARD
AR-51, November 1972

215 "FAA Approves Heads-Up Landing Aid," AIRLINE MANAGEMENT,
June 1972, p. 40

216 THE LOSS OF VISUAL CUES DURING LOW VISIBILITY LANDING, FAA
AC-91-25A, June 1972

217 MILITARY SPECIFICATION: DISPLAY, HEAD-UP, GENERAL SPECIFICA-
TION FOR, MIL-D-81641(AS), June 1972

218 THEORY OF OPERATION, VISUAL APPROACH MONITOR UTILIZING A
VERTICAL GYRO AND PITOT-STATIC INPUTS, Sundstrand Data Con-
trol 020-0026-001, July 1972

219 PROCEEDINGS OF A SYMPOSIUM ON VISUALLY COUPLED SYSTEMS,
BROOKS AFB, AMD AD-916572, November 1972

220 MCDONNELL-DOUGLAS F-15 HEAD-UP DISPLAY, AFFDL Fact Sheet FS-
72-67, 1972

221 FARRAND ULTRA-WIDE FIELD OF VIEW HEAD-UP DISPLAY, AFFDL Fact
Sheet FS-72-68, 1972

222 A-7E NAV/WEAPON DELIVERY SYSTEM, Vought Report, June 1972

223 B. L. Alexander, ALL APPLICATIONS DIGITAL COMPUTER (AADC)
FOR ADVANCED LIGHT ATTACK AIRCRAFT, AD-909841L, March 1973

224 J. T. Bear, TESTING THE A-7D, AFFTC TR-73-48, October 1973

225 K. Bourquin, et al., INITIAL FLIGHT AND SIMULATOR EVALUATION
OF A HEAD-UP DISPLAY FOR STANDARD AND NOISE ABATEMENT VISUAL
APPROACHES, NASA TM-X-82187, February 1973

226 A. D. Brown and S. B. Ginn, MANUAL APPROACH PERFORMANCE US-
ING A SIMPLE AIRBORNE VASI HEAD-UP DISPLAY, RAE TR-73080,
September 1973

227 A. R. Colgan, INTEGRATED COCKPIT DISPLAY SYSTEM, AFAL TR-73-
50, January 1973

228 D. Cosley and R. Peal, SST TECHNOLOGY FOLLOW-ON PROGRAM:
ASEDS-SST DESIGN DATA SUMMARY, FAA SS-73-25, October 1973;
Boeing Number D6-60302



-E16-

229 K. D. Cross and J. J. McGrath (eds.), CREW SYSTEM DESIGN,
Santa Barbara: Anacapa Sciences, July 1973

230 W. B. DeBellis, FLIGHT INFORMATION SCALE TEST FOR HEADS-UP
AND PANEL MOUNTED DISPLAYS, Aberdeen Proving Ground HEL-TM-
22-73, October 1973

231 J. L. DeCelles, E. J. Burke, and K. Burroughs, "A Real World
Situation Display for All-Weather Landing," CREW SYSTEM DE-
SIGN, Santa Barbara: Anacapa Sciences, July 1973, pp. 255-
263

232 T. G. Foxworth, "A NEW CONCEPT OF FLYING," FLYING THE TC-121
ALL-WEATHER HEAD-UP DISPLAY, IFALPA Report, November 1973

233 W. B. Gartner and K. M. Baldwin, SIMULATOR EVALUATION OF
DISPLAY CONCEPTS FOR PILOT MONITORING AND CONTROL OF SPACE
SHUTTLE APPROACH AND LANDING. PHASE II: MANUAL FLIGHT CON-
TROL, NASA CR-2359, December 1973

234 R. L. Harris and D. E. Hewes, AN EXPLORATORY SIMULATION
STUDY OF A HEAD-UP DISPLAY FOR GENERAL AVIATION LIGHTPLANES,
NASA TN-D-7456, 1973

235 F. C. Hoerner, "V/STOL Terminal Guidance Head-Up Displays: A
Real World Evaluation," CREW SYSTEM DESIGN, Santa Barbara:
Anacapa Sciences, July 1973, pp. 273-274

236 F. C. Hoerner, VSTOL TERMINAL GUIDANCE HEAD-UP DISPLAYS, SAE
Paper 730951, October 1973

237 St. J. McCloskey, FLYING THE TC-121, A VISIT TO BRETIGNY TO
FLY THE THOMSON-CSF HEAD-UP DISPLAY, IFALPA 74C95, October
1973

238 I. L. McGrath, TRIDENT ALL WEATHER OPERATIONS, British Euro-
pean Airlines Report, June 1973

239 R. Mackie, "The Jet Turbine Aircraft in the Canadian Arc-
tic," SYMPOSIUM ON AIRCRAFT OPERATIONS IN THE CANADIAN ARC-
TIC, EDMONTON, May 1973

240 J. M. Naish, "A Conformal Head-Up Display for the Visual Ap-
proach," PROCEEDINGS OF THE 9th ANNUAL CONFERENCE ON MANUAL
CONTROL, CAMBRIDGE, May 1973

241 M. L. Odle, T-38 VISUAL LANDING STUDY, AFIFC TR-73-7, August
1973

242 E. W. Opitte , HEAD-UP DISPLAY STUDY, AFAL TR-73-215, Febru-
ary 1973



-E17-

243 D. P. Parks, et al., DEVELOPMENT OF AN INDEPENDENT ALTITUDE
MONITOR CONCEPT, FAA RD-73-168, September 1973; Boeing D6-
41293

244 J. E. Tucker, PRELIMINARY INVESTIGATION OF A HEADS-UP DIS-
PLAY FOR THE APPROACH AND LANDING PHASE FOR A V/STOL AIR-
CRAFT USING A FIXED BASE SIMULATOR, AD-913524L, June 1973

245 J.-C. L. Wanner, "Piloting Techniques and Flying Qualities
of the Next Generation of Aircraft," AERONAUTICAL JOURNAL,
77, 1973, 593-605

246 V. Wilckens, "Improvements in Pilot/Aircraft Integration by
Advanced Contact Analog Displays," PROCEEDINGS OF THE 9th
ANNUAL CONFERENCE ON MANUAL CONTROL, CAMBRIDGE, May 1973

247 SPECIAL STUDY REPORT ON APPROACH AND LANDING ACCIDENT PRE-
VENTION, NTSB AAS-73-2, September 1973

248 CAHIER DES CHARGES DU COLLIMATEUR TH-CSF TYPE 193M, Thomson-
CSF AVG/OP-73/169C, 1973

249 R. N. Barrett and R. G. White, "The Flight Devel],ment of
Electronic Displays for V/STOL Approach Guidance,' AGARD CP-
148, May 1974

250 D. Behm, "HUD: Radar and Air-to-Air Modes." MCDONNELL-DOUG-
LAS PRODUCT SUPPORT DIGEST, 21, 1974, 11-12

251 I. Chancellor, VELOCITY VECTOR AND ENERGY MANAGEMENT -- A
SENSIBLE WAY TO FLY AIRPLANES, Thomson-CSF L75C124, Septem-
ber 1974

252 D. H. Close, A. Au, and A. Graube, HOLOGRAPHIC LENS FOR PI-
LOT'S HEAD-UP DISPLAY, Hughes Aircraft AD-787605, August
1974

253 P. B. Field and R. R. Smullen, NAVY TECHNICAL EVALUATION OF
THE ELLIOTT 7vPE 546 HEAD-UP DISPLAY IN THE TA-4H AIRPLANE,
NATC WST-69R-74, July 1974; AD-921800L

254 J. P. Geddes, "Avionics and the Corsair," INTERAVIA, 19, Oc-
tober 1974, 1015-1018

255 T. Gold and R. M. Walchli, HEAD-UP DISPLAY FOR ALL-WEATHER
APPROACH AND LANDING OF TILT-WING V/STOL AIRCRAFT, AIAA Pap-
er 74-952, 1974

256 R. L. Harris, SIMULATION AND FLIGHT EVALUATION OF A HEADS-UP
DISPLAY FOR GENERAL AVIATION, SAE Paper 740347, April 1974

257 J. E. Hutchinson, "The Approach Hazard," SHELL AVIATION
NEWS, 426, 1974, 10-15



-E18-

258 D. B. Middleton, ANALYSIS OF A FLARE-DIRECTOR CONCEPT FOR AN
EXTERNAL BLOWN FLAP STOL AIRCRAFT, NASA TN-D-7760, November
1974

259 R. L. Newman, HEAD-UP DISPLAY BIBLIOGRAPHY, Bunker-Ramo WP-
34-307-8, December 1974

260 C. Plummer, "HUD ... Basic Symbology, Hardware, and Naviga-
tion Modes," Mcdonnell-Douglas Product Support Digest, 2J,
1974, 8-10

261 R. H. Pursel, AN EVALUATION OF A MICROWAVE RUNWAY PERSPEC-
TIVE INDEPENDENT LANDING MONITOR, FAA RD-73-210, February
1974

262 R. H. Riordan, "Monocular Visual Cues and Space Perception
During the Approach to Landing," AEROSPACE MEDICINE, 45,
1974, 766-771

263 R. R. Ropelewski, "Viggen Designed to Ease Pilot Workload,"
AVIATION WEEK, May 1, 1974, pp. 42-49

264 A. S. Santanelli and R. V. Kurowsky, EVALUATION OF A HEAD-UP
DISPLAY AS AN AID IN PERFORMING STEEP-ANGLE AI>PROACHES, US
Army ECOM-4185, January 1974

265 J. Schwelbe, PROGRAMMABLE HEAD-UP DISPLAY, Astronautics TR-
75081, June 1974; AD-B007975L

266 J. J. Shrager, ADVANCED FLIGHT CONTROL ANT ELECTRONIC DIS-
PLAY SYSTEMS FOR ALL-WEATHER FLIGHT OPERATIONS: A LITERATUR E
REVIEW AND BIBLIOGRAPHY, FAA EM-74-12, June 1974

267 D. R. Sorum and B. L. Fister, C-5 VISUAL APPROACH MONITOR,
US Air Force MAC-OTO-15-2-73, June 1974

268 STANDBY SIGHT FOR HEAD-UP TUBES, Rank BR-40536, April 1974;
AD-920142L

269 ALTERNATE TECHNICAL PROPOSAL FOR A CH-3 HEAD-UP DISPLAY SYS-
TEM, Sundstrand Data Control 7101-2499-802, 1974

270 THE REQUIREMENT FOR VAM, Sundstrand Data Control Brochure,
1974

271 A-7D NAVIGATION/WEAPON DELIVERY SYSTEM, Vought 2-14000/4R-
10, March 1974

272 C. L. Boyd and F. B. MacIntosh, "Business Aircraft All-
Weather Operations," AIRCRAFT OPERATIONS MEETING, LOS ANGE-
LES, August 1975

273 L. L. Crews and C. H. Hall, A7D/E AIRCRAFT NAVIGATION E"UA-
TIONS, NWC TN-404-176, March 1975



-E19-

274 F. W. Cronn and E. A. Palmer, COMPARISON OF TWO HEAD-UP DIS-
PLAYS IN SIMULATED STANDARD AND NOISE ABATEMENT NIGHT VISUAL
APPROACHES, NASA TM-X-3264, July 1975

275 J. L. DeCelles, E. J. Burke, and J. E. O'Brien, "Warning
Approach Lights in Sight," AIR LINE PILOT, February 1975,
pp. 27-38

276 A. R. Doucette, "F-14 Aircraft Head Up Display," PROCEEDINGS
NATIONAL AEROSPACE ELECTRONICS CONFERENCE (NAECON '75), DAY-
TON, June 10-12, 1975, pp. 594-600

277 J. H. Dwyer and E. A. Palmer, THREE METHODS OF PRESENTING
FLIGHT VECTOR INFORMATION IN A HEAD-UP DISPLAY DURING SIMU-
LATED STOL APPROACHES, NASA TM-X-3273, July 1975

278 J. E. Hutchinson, "Velocity Vector -- The Logical Solution
-- Aircraft Guidance HUD," SHELL AVIATION NEWS, 427, 1975,
6-10

279 R. K. Kirschner, THE LIGHT-LINE HEAD-UP DISPLAY: A UNIQUE
THREE DIMENSIONAL DISPLAY CUE, Sundstrand Data Control Re-
port, May 1975

280 G. L. Lamers, "Flight Tests with a Simple Head-Up Display
Used as a Visual Approach Aid," TAKEOFF AND LANDING, AGARD
CP-160, January 1975, Paper 16

281 J. Lavernhe, "A New Pilot Head-Up Display -- Medical and
Physiological Considerations," REVUE DE MEDICINE AERONAU-
TIQUE ET SPATIALE, 14, 1975, 3-ff.

282 J. R. Machin, "The Type 664 HUD Weapon Aiming System," ELEC-
TRONIC AIRBORNE DISPLAYS, AGARD CP-167, April 1975

283 M. Martin, "Caracteristiques de Collimateur de Tir de Pilot-
age (HUD)" (Characteristics of Head-Up Display Systems),
ELECTRONIC AIRBORNE DISPLAYS, AGARD CP-167, April 1975

284 D. B. Middleton, et al., MOTION-BASE SIMULATOR STUDY OF
CONTROL OF AN EXTERNALLY BLOWN FLAP STOL TRANSPORT AIRCRAFT
AFTER FAILURE OF AN OUTBOARD ENGINE DURING LANDING APPROACH,
NASA TN-D-8026, October 1975

285 W. P. Orrick and P. E. York, HEAD-UP DISPLAY SYMBOLOGY, NADC
75267-40, December 1975

286 J. H. Smith and R. A. Chorley, "Head-Up and Other Displays,"
AIRCRAFT FNGINEERING, 47, February 1975, 18-22

287 R. M. Walchli, et al., FLIGHT EVALUATION OF A HEAD-UP DIS-
PLAY WITH REAL WORLD OVERLAY FOR INSTRUMENT APPROACH AND
LANDING OF V/STOL AIRCRAFT, NATC TR-SY-23R-75, October 1975



-E20-

288 J.-C. L. Wanner, "Presentation des Informations Necessaires
Pour le Decollage et l'Atterrissage (Presentation of Infor-
mation Required for Takeoff and Landing)," TAKEOFF AND LAND-
ING, AGARD CP-160, January 1975

289 TAKEOFF AND LANDING, AGARD CP-160, January 1975

290 ELECTRONIC AIRBORNE DISPLAYS, AGARD CP-167, April 1975

291 APPROCHE AUTOMATIQUE MODE LAND, PER LODE TRANSITORE DE 1 AV-
RIL 75 AU 12 OCTOBRE 75, Air Inter Report, October 1975 -

292 AV-8A HEAD UP DISPLAY MODIFICATION SPECIFICATION, McDonnell-
Douglas MDC-A3589, September 1975

293 THE PERI-HUD, Marconi-Elliott, 1975

294 MILITARY STANDARD: ELECTRONICALLY OR OPTICALLY GENERATED
DISPLAYS FOR AIRCRAFT CONTROL OR COMBAT CUE INFORMATION,
MIL-STD-884C, April 1975

295 EVALUATION OF THE SONY HUD TV MONITOR SYSTEM IN THE YA-7H
AIRPLANE, US Navy: NATC SY-24R-75, July 1975

296 J. F. Barnette, ROLE OF HEAD-UP DISPLAY IN INSTRUMENT
FLIGHT, AFIFC LR-76-2, August 1976

297 J. F. Barnette and G. P. Intano, DETERMINING THE UTILITY OF
EXPANDED PITCH SCALE AND FLIGHTPATH ANGLE AS DISPLAY PARAM-
ETERS, AFIFC TR-76-4, October 1976

298 D. Chopping, "A Revolutionary API-Weather HUD," INTERAVIA,
31, 1976, 548-549

299 D. L. Dohm, R. J. McCammack, and T. E. Utz, RELIABILITY
ANALYSIS OF MICROCIRCUIT FAILURES IN AVIONIC SYSTEMS (RAM-
FAS), RADC TR-76-3, January 1976

300 A. R. Doucette, "Design Decisions for a Head-Up Display,"
IEEE SPECTRUM, 13, August 1976, 28-32

301 P. J. Edmunds, "Digital Computers for Head-Up Displays,"
AVIATION REVIEW, August 1976, pp. 14-16

302 D. E. Egan, "Research Toward Improving the Performance of
Pilots Using Head-Up Displays," CARRIER LANDING PERFORMANCE
CONFERENCE, NORFOLK, April 1976

303 J. E. Eisele, R. C. Williges, and S. N. Roscoe, THE ISOLA-
TION OF MINIMUM SETS OF VISUAL IMAGE CUES SUFFICIENT FOR
SPATIAL ORIENTATION DURING AIRCRAFT LANDING APPROACHES, Uni-
versity of Illinois ARC-76-16/ONR-76-3, November 1976



-E21-

304 J. H. Ertzgaard, IFALPA FLIGHT TEST REPORT: THOMSON-CSF TC-
121, IFALPA L76C228, January 1976

305 H. V. Fuller and B. K. E. Outlaw, DESCRIPTION OF A LANDING
SITE INDICATOR (LASI) FOR LIGHT AIRCRAFT OPERATION, NASA TM-
X-72811, January 1976

306 P. D. Gallaher, R. A. Hunt, and R. C. Williges, A REGRESSION
ANALYSIS TO GENERATE AIRCRAFT PREDICTOR INFORMATION, NASA
TM-X-73170, May 1976

307 R. L. Harris, M. W. Goode, and K. R. Yenni, SIMULATION AND
FLIGHT EVALUATION OF A HEAD-UP DISPLAY LANDING AID FOR GEN-
ERAL AVIATION, NASA TP-1276, September 1976

308 R. E. Hillman and J. W. Wilson, "Investigation irto the Op-
timum Use of Advanced Displays in Future Transport Air-
craft," AERONAUTICAL JOURNAL, 80, 1976, 377-384

309 G. G. Hupp, A-10 INITIAL OPERATIONAL TEST AND EVALUATION,
AFTEC TR-76-104, May 1976

310 J. E. Hutchinson, VELOCITY VECTOR -- THE LOGICAL SOLUTION,
IFALPA Report, 1976

311 W. N. Kama, W. L. Martin, and G. G. Kuperman, "The Effect of
HUD Symbology Size on Operator Performance Under Various
Luminance Conditions," 5th SYMPOSIUM ON PSYCHOLOGY IN THE
AIR FORCE, April 1976

312 J. S. Karmarker and J. A. Sorenson, INFORMATION AND DISPLAY
REQUIREMENTS FOR INDEPENDENT LANDING MONITORS, NASA CR-2687,
August 1976

313 F. A. KirA-,r, ROTABLE HEAD-UP DISPLAY WITH COORDINATE REVER-
SAL CORRECTIVES, US Patent No. 3,945,716, March 1976; AD-
D002697

314 C. Owens, "Operations," AERONAUTICAL JOURNAL, 80, 1976, 350-
353

315 E. A. Palmer and F. W. Cronn, "Touchdown Performance with a
Computer Graphics Night Visual Attachment," JOURNAL OF AIR-
CRAFT, 13, 1976, 89-92

316 D. C. Short, "The Head-Up Display in Operation: One Air-
line's Experience," 29th ANNUAL AIR SAFETY SEMINAR, Anaheim,
October 1976

317 W. F. Swartz, D. M. Condra, and R. P. Madero, PILOT FACTORS
CONSIDERATIONS IN SEE-TO-LAND, AFFDL TR-76-52, May 1976



-E22-

318 M. H. Tapia and G. P. Intano, LIGHT-LINE VISUAL LANDING
HEAD-UP DISPLAY (HUD) EVALUATION, PHASE I, AFIFC TR-76-1,
January 1976

319 G. J. Terhune, TC-121 AND OTHER HUD MISMATCH WITH RUNWAY,
ALPA Report, May 1976

320 CRITICAL ITEM DEVELOPMENT SPECIFICATION FOR HEAD-UP DISPLAY,
Fairchild A-10 Specification 160S417001B, March 1976

321 HEAD-UP DISPLAYS, Sundstrand Data Control Brochure, 1976

322 SYSTEM SPECIFICAmION: HEAD-UP DISPLAY (HUD) AIR RETRIEVAL
SYSTEM, Sundstrand Data Control 070-0936-001B, December 1976

323 BENDIX MICRO HUD, AFFDL Fact Sheet FS-76-01, 1976

324 HEAD-UP DISPLAY EVALUATION, 6594th Test Group LTR-76-8, Aug-
ust 1976

325 PROCEEDINGS OF THE CARRIER LANDING PERFORMANCE CONFERENCE,
NORFOLK, US Navy Safety Center, April 1976

326 D. Bateman, "A Review of Some Recent Undershoot Accidents
and Incidents: Five Year Period July 1972 to 1977," PRO-
CEEDINGS INTERNATIONAL HEAD-UP DISPLAY SYMPOSIUM, VANCOUVER,
September 1977

327 W. L. Carel, ADVANCED CONTACT ANALOG SYMBOLOGY, Hughes D-
7123, July 1977

328 J. F. Coonrod and M. N. Ernstoff, "Advanced Head-Up Display
Technology -- The Integrated HUD," PROCEEDINGS NATIONAL AER-
OSPACE ELECTRONICS CONFERENCE (NAECON '77), DAYTON, May 17-
19, 1977, pp. 981-990

329 H. L. Ernst, "YC-14 VAM/HUD Program Experience," PROCEEDINGS
INTERNATIONAL HEAD-UP DISPLAY SYMPOSIUM, VANCOUVER, Septem-
ber 1977

330 T. G. Foxworth, REPORT ON VISIT TO THE PARIS AIR SHOW, IF-
XLPA Report, June 1977

331 W. B. Gartner and A. C. McTee, PILOTED FLIGHT SIMULATOR
STUDY OF LOW-LEVEL WIND ShEAR, FAA RD-77-166, May 1977

332 G. N. Green, HEAD-UP DISPLAY SYMBOLOGY, RAE TN-77050, April
1977

333 R. F. Haines, "FAA/NASA Head-Up Display Program," PROCEED-
INGS INTERNATIONAL HEAD-UP DISPLAY SYMPOSIUM, VANCOUVER,
September 1977



-E23-

334 S. G. Jackson, F-15 AFDT AND E AIR TO AIR GUNNERY EVALUA-
TION, AFFTC TR-76-51, February 1977

335 A. E. Kelvin, "V/STOL All Weather Landing Simulation," AD-
VANCED AIRCREW DISPLAY SYMPOSIUM, PATUXENT RIVER, 1977

336 R. M. Kiltz, "Fundamentals of HUD Technology," PROCEEDINGS
INTERNATIONAL HEAD-UP DISPLAY SYMPOSIUM, VANCOUVER, Septem-
ber 1977

337 W. N. Lewis, et al., TRADEOFF STUDY FOR A HEAD-UP DISPLAY IN
NEW TECHNOLOGIES, AD-A044484, August 1977

348 M. G. Long, "Considerations in the Simulation of Head-Up
Displays," PROCEEDINGS INTERNATIONAL HEAD-UP DISPLAY SYMPOS-
IUM, VANCOUVER, September 1977

339 R. L. Newman, CH-3E (MARS) HEAD-UP DISPLAY EVALUATION, Crew
Systems TR-77-02, April 1977

340 R. L. Newman, "Head-Up Displays: Crew Procedures and Train-
ing Implications," PROCEEDINGS OF THE INTERNATIONAL HEAD-UP
DISPLAY SYMPOSIUM, VANCOUVER, September 1977

341 R. J. Phaneuf and J. E. O'Brien, HEAD-UP DISPLAY IN COMMER-
CIAL AVIATION, AIAA Paper 77-1241, August 1977

342 R. Ribiere, ANALYSIS OF CIVILIAN AIRCRAFT FLIGHT SAFETY IN
THE APPROACH AND LANDING, Thomson-CSF Report, 1977

343 R. R. Ropelewski, "Head-Up Display System Evaluated," AVIA-
TION WEEK, January 10, 1977, pp. 70-79

344 D. C. Short, "Operational Briefing," PROCEEDINGS INTERNA-
TIONAL HEAD-UP DISPLAY SYMPOSIUM, VANCOUVER, September 1977

345 G. J. Terhune, "How an Airline Pilot Would Use HUD," PRO-
CEEDINGS INTERNATIONAL HEAD-UP DISPLAY SYMPOSIUM, VANCOUVER,
September 1977

346 R. N. Winner, M. N. Ernstoff, and W. R. Byles, LIQUID CRYS-
TAL AIRBORNE DISPLAY. Hughes HAC-P76-527R, August 1977

347 LES APPROCHES DE PRECISION DE CATEGORIE II A LA COMPAGNIE
AIR INTER, Air Inter, September 1977

348 PROCEEDINGS INTERNATIONAL HEAD-UP DISPLAY SYMPOSIUM, VAN-
COUVER, September 1977

349 F-16 HUD HANDBOOK, Marconi-Elliott EA-08-0007-DO1, February
1977



-E24-

350 SYSTEM SPECIFICATION: VISUAL APPROACH MONITOR FOR THE B-737
AIRCRAFT SYSTEM NO. 960-2008, Sundstrand Data Control 060-
1624, January 1977

351 A-7D PROGRAMMED TEXT. HUD PART 1 AND PART 2, 162nd TFTG,
January 1977

352 J. J. Adams and F. J. Lallman, DESCRIPTION AND PRELIMINARY
STUDIES OF A COMPUTER DRAWN INSTRUMENT LANDING APPROACH DIS-
PLAY, NASA TM-78771, November 1978

353 W. L. Augustine, et al., "A Head-Up Display for Drone Recov-
ery," PROCEEDINGS OF THE 14th ANNUAL CONFERENCE ON MANUAL
CONTROL, LOS ANGELES, NASA CP-2060, April 1978

354 J. R. Baxter, COMMENTS ON THE SECOND MEETING OF THE WORKING
GROUP TO REVIEW FAA/NASA HEAD-UP DISPLAY RESEARCH, NASA AMES
RESEARCH CENTER, OCTOBER 5-6, 1978, ALPA Report, October
1978

355 J. L. DeCelles and G. J. Terhune, A HUD SYMBOLOGY FOR CIVIL
TRANSPORT AIRCRAFT, ALPA Report, April 1978

356 D. E. Egan and J. E. Goodson, HUMAN FACTORS ENGINEERING FOR
HEAD-UP DISPLAYS: A REVIEW OF MILITARY SPECIFICATIONS AND
RECOMMENDATIONS FOR RESEARCH, NAMRL Monograph 23, April 1978

357 C. D. Eliason, FLIGHT TEST REPORT ON DIFFRACTION OPTICS
HEAD-UP DISPLAY, Trip Report on visit to Swedish Defence Ma-
terial Administration Flight Test Center, Linkoping, August
1978

358 M. N. Ernstoff, "Head-Up Display for the Future," PROCEED-
INGS OF THE SOCIETY FOR INFORMATION DISPLAY, 19, Fourth
Quarter 1978, 169-179

359 T. G. Foxworth, "Head-Up Displays," JOURNAL OF BALPA, 39,
July 1978, 5-7

360 C. P. Gibson, COLLIMATION AND THE HUMAN VISUAL SYSTEM -- A
REVIEW AND LITERATURE SEARCH, RAE TM-FS-173, April 1978

361 J. G. Guercio and R. F. Haines, A PRELIMINARY STUDY OF HEAD-
UP DISPLAY ASSESSMENT TECHNIQUES. II. HUD SYMBOLOGY AND PAN-
EL INFORMATION SEARCH TIME, NASA TM-78536, October 1978;
NASA HUD Report 3

362 R. F. Haines, PROJECT PLAN FOR JOINT FAA/NASA HEAD-UP DIS-
PLAY CONCEPT EVALUATION, NASA TM-78512, August 1978; NASA
HUD Report 1



-E25-

363 R. F. Haines, PRELIMINARY STUDY OF HEAD-UP DISPLAY ASSESS-
MENT TECHNIQUES. I. VIEWING DURATION OF INSTRUMENT PANEL AND
HUD SYMBOLOGY USING A RECALL METHODOLOGY, NASA TM-78517,
August 1978; NASA HUD Report 2

364 J. H. Iavecchia, H. P. Iavecchia, and S. N. Roscoe, THE MOON
ILLUSION: APPARENT SIZE AND ACCOMMODATION DISTANCE, Univer-
sity of Illinois Eng Psy-78-4/AFOSR 78-3, November 1978

365 J. V. Lebacqz, R. C. Radford, and J. L. Beilman, AN EXPERI-
MENTAL INVESTIGATION OF CONTROL-DISPLAY REQUIREMENTS FOR A
JET-LIFT VTOL AIRCRAFT IN THE TERMINAL AREA, CALSPAN AK-
58985-F-1, July 1978

366 J. R. Lowe, IMPROVING THE ACCURACY OF HUD APPROACHES WITH A
NEW CONTROL LAW, AIAA Paper 78-1494, August 1978

367 J. H. Mills and R. L. Newman, HEAD-UP DISPLAY (HUD) QUES-
TIONNAIRE, AFIFC Report, February 1978

368 R. L. Newman, "KC-135 Boom Operator's Head-Up Display,"
JOURNAL OF AIRCRAFT, 15, 1978, 124-126

369 R. L. Newman, BENEFITS OF A KC-135 BOOM OPERATOR HEAD-UP
DISPLAY, Crew Systems TR-78-08, May 1978

370 J. P. Petit and J. C. Raynal, "Investigation of the Landing
Approaches for a STOL Aircraft Using a Flight Simulator," in
FLIGHT SIMULATION/GUIDANCE SYSTEMS SIMULATION, AGARD, August
1978; in French

371 S. N. Roscoe, "When Day is Done and Shadows Fall, We Miss
the Airport Most of All," ISASI FORUM, 11, Winter 1978, 27-
31

372 B. Schiff, "Poor Man's Autothrottle," AOPA PILOT, January
1978, pp. 55-57

373 D. C. Short, "Head-Up Display in Operation," FLIGHT OPERA-
TIONS, March 1978, pp. 25-29

374 J. J. Shrager, HEAD-UP DISPLAYS: A LITERATURE REVIEW AND
ANALYSIS WITH AN ANNOTATED BIBLIOGRAPHY, FAA RD-78-31, April
1978

375 G. J. Terhune, "HUD -- Pilot's Aid for Precision in Approach
and Landing," FLIGHT OPERATIONS, October 1978, pp. 20-25

376 G. J. Terhune, "HUD Display Info," FLIGHT OPERATIONS, Decem-
ber 1978, pp. 25-28

377 A-10 NIGHT/ADVERSE WEATHER EVALUATION, Fairchild Briefing
Material, November 1978



-E26-

378 PRIME ITEM DEVELOPMENT SPECIFICATION FOR THE F-16 HEAD-UP
DISPLAY SET, CDRL-ELIN-A008, General Dynamics Specification
16ZE017C, August 1978

379 A. Berg, "Diffraction HUD Concept," PROCEEDINGS OF THE
FLIGHT OPERATIONS SYMPOSIUM, VANCOUVER, February 1979

380 A. D. Brown and D. J. Gurney, "Manual Landings in Category 3
Conditions," AERONAUTICAL JOURNAL, 83, 1979, 296-305

381 G. T. Chisum and P. E. Morway, VISUAL ACCOMMODATION RESPONS-
ES IN A VIRTUAL IMAGE ENVIRONMENT, NADC 79216-60, 1979; AD-
A074415

382 R. A. Chorley and S. M. St. Leger Searle, "Use of Diffrac-
tive Optical Elements in Head-Up Displays in Aircraft," CON-
FERENCE ON ELECTRONIC DISPLAYS 1979, London, September 4-6,
1979, pp. 11-ff.

383 J. L. DeCelles and G. J. Terhune, "Flight Instrumentation
Requirements for All-Weather Approach and Landing," PROCEED-
INGS 1979 AIR TRANSPORTATION CONFERENCE, NEW ORLEANS, April
30-May 3, 1979, pp. 153-164

384 D. N. Fadden and E. F. Weener, 'Computer Generated Displays
as Primary Flight Instruments," NEW TECHNOLOGY AND AVIATION
SAFETY, Proceedings 32nd International Air Safety Seminar,
Flight Safety Foundation, London, October 1979, pp. 127-133

385 E. Fischer, THE ROLE OF COGNITIVE SWITCHING IN HEAD-UP DIS-
PLAYS, NASA CR-3137, May 1979; NASA HUD Report 5

386 L. H. Frank, COMPARISON OF SPECIFICATIONS FOR HEAD-UP DIS-
PLAYS IN THE NAVY A-4M, A-7E, AV-8A, AND F-14A AIRCRAFT,
NAMRL SR-79-6, November 1979; AD-A-080047

387 J. P. Galves and J. Brun, "Reliability of High-Brightness
CRT's for Airborne Displays," in AVIONICS RELIABILITY, ITS
TECHNOLOGY AND RELATED DISCIPLINES, AGARD CP-261, 1979

388 K. Hahn, et al., "Head-Up Display Simulator Using Computer
Generated Analogue Images," PROCEEDINGS INTERNATIONAL CON-
FERENCE CYBERNETICS SOCIETY, DENVER, October 8-10, 1979, pp.
772-776

389 R. F. Haines, "FAA/NASA HUD Study," PROCEEDINGS OF THE
FLIGHT OPERATIONS SYMPOSIUM, VANCOUVER, February 1979

390 R. F. Haines and J. G. Guerclo, "A Comparison of Information
Transfer from an Instrument Panel and Symbolic Display Con-
taining an Equivalent Amount of Information," PROCEEDINGS OF
THE 1979 MEETING OF THE AEROSPACE MEDICAL ASSOCIATION, WASH-
INGTON, May 1979, pp. 37-38



-E27 -

391 R. K. Heffley and W. F. Jewel, DEVELOPMENT OF A CTOL PILOT
TECHNIQUE MEASUREMENT SCHEME FOR A REAL-TIME SIMULATOR EN-
VIRONMENT, NASA CR-152294, July 1979; NASA HUD Report 9

392 E. L. Heft and R. L. Newman, "Using a Head-Up Display for
Mid-Air Retrieval Systems," PROCEEDINGS OF THE FLIGHT OPERA-
TIONS SYMPOSIUM, VANCOUVER, February 1979

393 F. C. Hoerner, "HUD Military Aspects," PROCEEDINGS OF THE
FLIGHT OPERATIONS SYMPOSIUM, VANCOUVER, February 1979

394 M. Ivins, "Space Shuttle Applications," PROCEEDINGS OF THE
FLIGHT OPERATIONS SYMPOSIUM, VANCOUVER, February 1979

395 R. A. Juergens, "F/A-18 Hornet Display System," PROCEEDINGS
NATIONAL AEROSPACE ELECTRONICS CONFERENCE (NAECON'79), DAY-
TON, May 15-17, 1979, pp. 434-442

396 R. M. Kiltz, "HUDs: An Overview of Progress," PROCEEDINGS OF
THE FLIGHT OPERATIONS SYMPOSIUM, VANCOUVER, February 1979

397 J. V. Lebacqz, SURVEY OF HELICOPTER CONTROL/DISPLAY INVESTI-
GATIONS FOR INSTRUMENT DECELERATING APPROACHES, NASA TM-78-
565, March 1979; NASA HUD Report 15

398 J. L. Lightstone, et al., OPERATION OF THE F/A-18A AVIONIC
SUBSYSTEM, McDonnell-Douglas MDC-A5769, January 1979; Revi-
sion A, November 1980

399 J. M. Naish, REVIEW OF SOME HEAD-UP DISPLAY FORMATS, NASA
TP-1499, October 1979

400 J. G. Oliver, A REPORT ON THE TC-125 HEAD-UP DISPLAY, ALPA
Report, 1979

401 H. Pekich, "Boom Operator HUD," PROCEEDINGS OF THE FLIGHT
OPERATIONS SYMPOSIUM, VANCOUVER, February 1979

402 A. Roland-sillecart, "Operational Experience with HUD in CAT
III," PROC:'EDINGS OF THE FLIGHT OPERATIONS SYMPOSIUM, VAN-
COUVER, Felruary 1979

403 R. R. Ropelewski, "Night/Adverse Weather Version of A-10
Provides Confident Low-Level Operations, AVIATION WEEK, Aug-
ust 6, 19'/9, pp. 54-57

404 S. N. Roscoe, GROUND REFERENCED VISUAL ORIENTATION WITH IM-
AGING DISPLAYS, University of Illinois TR-Eng Psy-79-4/AF-
OSR-79-4, November 1979

405 S. N. Roscoe, "When Day is Done and Shadows Fall, We Miss
the Airport Most of All," HUMAN FACTORS, 21, 1979, 721-731



-E28-

406 R. Schilling, "Operational Requirements for CAT III and HUDs
on DC-9-80," PROCEEDINGS OF THE FLIGHT OPERATIONS SYMPOSIUM,
VANCOUVER, February 1979

407 B. A. Smith, "Super 80 Head-Up Display Development Complet-
ed," AVIATION WEEK, August 6, 1979, pp. 54-57

408 R. H. Smith, N. D. Geddes, and J. Honaker, A PHASE ANGLE DE-
SIGN CRITERIA FOR DYNAMIC FIDELITY OF MANNED AIRCRAFT SIMU-
LATORS, System Research Laboratories Report, 1979

409 R. H. Smith and N. D. Geddes, HANDLING QUALITY REQUIREMENT
FOR ADVANCED AIRCRAFT DESIGN: LONGITUDINAL MODE, AFFDL TR-
78-154, August 1979

410 W. D. Smith, "Boeing HUD Development," PROCEEDINGS OF THE
FLIGHT OPERATIONS SYMPOSIUM, VANCOUVER, February 1979

411 H. Suisse, HEAD-UP DISPLAY SYSTEM -- PERSEPOLIS SYMBOLOGY,
Dassault-Breguet DGT-16433, September 1979

412 G. J. Terhune, "Flight Guidance Data Required in CAT III
HUD," PROCEEDINGS OF THE FLIGHT OPERATIONS SYMPOSIUM, VAN-
COUVER, February 1979

413 G. J. Terhune, REPORT TO ALPA ON PERSEPOLIS SIMULATIONS,
ALPA Report, November 1979

414 G. J. Terhune, REPORT TO ALPA ON TC-125 SIMULATIONS, ALPA
Report, 1979

415 W. L. Welde, TRIP REPORT: TO NAVAL AIR TEST CENTER, PATUXENT
RIVER NAS, MARYLAND, 26-27 SEPTEMBER 1979, AFAMRL Report,
October 1979

416 J. W. Wilson and L. F. Bateman, "Human Factors and the Ad-
vanced Flight Deck," NEW TECHNOLOGY AND AVIATION SAFETY,
Proceedings 32nd International Air Safety Seminar, Flight
Safety Foundation, London, October 1979, pp. 113-126

417 P. Woodburn, "Are We Being HUDwinked," PROCEEDINGS OF THE
FLIGHT OPERATIONS SYMPOSIUM, VANCOUVER, February 1979

418 "Head-Up Displays, The Tide has Turned," AIR LINE PILOT, Oc-
tober 1979, pp. 30-31

419 "A Word from the Navy," ALPA HEAD-UP DISPLAY NEWSLETTER,
January 1979, pp. 4-5

420 PROGRAMME SIMULATEUR - APPROCHE AUTOMATIQUE MODE LAND, Air
Inter Training Syllabus, April 1979

421 PRESENTATION DU TC-125 SUR SIMULATEUR MERCURE, Centre d'Es-
sais en Vol, February 1979



-E29-

422 FUNKTIONAL U. OPERATIONELLE BEWERTUNG EINES BORDGESTUETZTEN
GLEITPHADFUEHRUNGSSYSTEMS FUER SICHANFLUEGE (VISUAL APPROACH
MONITOR, YAM), DFVIR F8-78-38, October 1979

423 HEAD-UP DISPLAY FOR THE DC-9 SUPER 80, Douglas Brochure,
September 1979

424 PROEEDINGS OF THE FLIGHT OPERATIONS SYMPOSIUM, VANCOUVER,
Febiliary 1979

425 NEW TECHNOLOGY AND AVIATION SAFETY, Proceedings 32nd Inter-
national Air Safety Seminar, Flight Safety Foundation, Lon-
don, October 1979

426 AH-IS COBRA ATTACK HELICOPTER HEAD-UP DISPLAY SYSTEM DE-
SCRIPTION, Kaiser Electronics, Brochure 78-3945, October
1979

427 F/A-18 AND TF/A-18 HUMAN ENGINEERING CREW STATION DESIGN
DOCUMENT, McDonnell-Douglas A4277-4, February 1979

428 MILITARY SPECIFICATION: FLYING QUALITIES OF PILOTED AIR-
PLANES, MIL-F-8785C, November 1979

429 HEAD-UP DISPLAY FOR THE DC-9 SUPER 80, Sundstrand Data Con-
trol Brochure, 1979

430 D. T. Berry, et al., A SUMMARY OF AN IN-FLIGHT EVALUATION OF
CONTROL SYSTEM PURE TIME DELAYS DURING LANDING USING THE F-8
DFBW AIRPLANE, AIAA Paper 80-1626, August 1980

431 R. S. Bray, A HEAD-UP DISPLAY FORMAT FOR APPLICATION TO
TRANSPORT AIRCRAFT APPROACH AND LANDING, NASA TM-81199, July
1980; NASA HUD Report 11

432 J. L. DeCelles, et al., THE CAT III CRISIS, ALPA Report,
March 1980

433 E. Fischer, R. F. Haines, and T. A. Price, COGNITIVE ISSUES
IN HEAD-UP DISPLAYS, NASA TP-1711, December 1980; NASA HUD
Report 7

434 M. L. Frazier and D. W. Milam, A SYNOPSIS OF PILOT COMMENTS
ON ONE-TIME F-16 FSD QUALIFICATION/FAMILIARIZATION FLIGHTS,
AFFTC Letter Report, October 1980

435 C. P. Gibson, "Binocular Disparity and Head-Up Displays,"
HUMAN FACTORS, 22, 1980, 435-444

436 A. P. Ginsburg, "Proposed New Vision Standards for the 1980s
and Beyond: Contrast Sensitivity," presented at the AGARD
NATO Specialist Aerospace Medical Panel Meeting, Toronto,
September 1980



-E30-

437 R. F. Haines, A SUMMARY OF SELECTED QUESTIONNAIRE RESPONSES
FOR SUBJECT PILOTS TESTED IN THE JOINT FAA/NASA HEAD-UP DIS-
PLAY CONCEPT EVALUATION PROJECT, NASA (Ames Research Center)
Report, October 1980

438 R. F. Haines, E. Fischer, and T. A. Price, HEAD-UP TRANSI-
TION BEHAVIOR OF PILOTS WITH AND WITHOUT HEAD-UP DISPLAY IN
SIMULATED LOW-VISIBILITY APPROACHES, NASA TP-1720, December
1980; NASA HUD Report 10

439 J. R. L.owe and F. W. Hamilton, "The DC-9 Super 80 Compensat-
ed-Control HUD," DC FLIGHT APPROACH, 34, January 1980, 7-11

440 R. W. Lowrie, RELIABILITY AND MAINTAINABILITY IMPROVEMENT
PROGRAM FOR THE AV-8A/TAV-8A HARRIER HEAD-UP DISPLAY SET,
Smiths Industries SI-1002, 1980; AD-A085310

441 E. Malinski, "Elektroniczno-optyczne systemy wskaszan proek-
cyinch/HUD III," TECHNIKA LOTNICZA I ASTRONAUTYCCZENA, 35,
August/September 1980, 17-20; IAA A81-11320; in Polish

442 S. J. Monagan and R. E. Smith, "Head-Up Display Flight
Tests," PROCEEDINGS 24th 6OCIETY OF EXPERIMENTAL TEST PILOTS
SYMPOSIUM, BEVERLY HILLS, September 1980, pp. 75-87

443 J. M. Naish and D. L. Miller, EXPERIMENTAL EVALUATION OF
HEAD-UP DISPLAYS, NASA-TP-1550, July 1980

444 J. M. Naish, HEAD-UP DISPLAY IN THE NON-PRECISION APPROACH,
NASA TM-81167, May 1980; NASA HUD Report 12

445 R. L. Newman, TRIP REPORT: VISIT TO BRITISH AIRWAYS, LON-
DON; BRITISH CAA, REDHIL; AIR INTER, PARIS; FRENCH DGAC,
PARIS; AND AVIONCS MARCEL DASSAULT, PARIS: 19-27 FEBRUARY
1980, Crew Systems LR-80-03, February 1980

446 R. L. Newman, OPERATIONAL PROBLEMS ASSOCIATED WITH HEAD-UP
DISPLAYS DURING INSTRUMENT FLIGHT, AFAMRL TR-80-116, October
1980; Crew Systems Consultants TR-79-20

447 R. J. Randle, S. N. Roscoe, and J. C. Petit, EFFECTS OF MAG-
NIFICATION AND VISUAL ACCOMMODATION ON AIMPOINT ESTIMATION
IN A SIMULATED LANDING TASK, NASA TP-1635, October 1980

448 R. R. Ropelewski, "FAA to Begin Testing Advanced Head-Up
Display," AVIATION WEEK, May 5, 1980, pp. 80-88

449 S. Schifflett, EVALUATION OF A PILOT WORKLOAD ASSESSMENT DE-
VICE TO TEST ALTERNATE DISPLAY FORMATS AND CONTROL HANDLING
QUALITIES, NATC SY-33R-80, July 1980

450 J. W. Steenb]ik, "The Future of HUD is Looking Up," AIR LINE
PILOT, February 1980, pp. 6-10



-E31-

451 R. F. Stengel and G. E. Miller, "Flight Tests of a Micropro-
cessor Control System," JOURNAL OF GUIDANCE AND CONTROL, 3,
1980, 494-500; AIAA Paper 79-1962

452 G. J. Terhune, REPORT ON DOUGLAS DC-9-10 HUD, ALPA Report,
March 1980

453 G. J. Terhune and J. L. DeCelles, PERSEPOLIS HUD, ALPA Re-
port, January 1980

454 F-16 AVIONICS: BLOCK 10 CHANGES, General Dynamics 16PR1467B,
November 1980

455 R. S. Bray and B. C. Scott, A HEAD-UP DISPLAY FORMAT FOR LOW
VISIBILITY APPROACH AND LANDING, AIAA PAPER 81-0130, January
1981

456 L. L. Dopping-Hepenstal, "Head-Up Displays. The Integrity of
Flight Information," IEE PROCEEDINGS, PART F: COMMUNICA-
TIONS, RADAR AND SIGNAL PROCESSING, 128, 1981, 440-441

457 M. N. Ernstoff, STUDY AND DEVELOPMENT OF AN INTEGRATED HEAD-
UP DISPLAY, AFWAL TR-81-1042, June 1981

458 G. A. Hobe, et al., GOVERNMENT FURNISHED COCKPIT INSTRUMENTS
\ND DISPLAYS STUDY, USAF Aeronautical Systems Division Re-
port Project 81-015-DAY, 1981

459 D. Jarvi, INVESTIGATION OF SPATIAL DISORIENTATION OF F-15
"EAGLE" PILOTS, ASD TR-81-5016, 1981

460 E F. Leitner and R. F. Haines, MAGNITUDE OF VISUAL ACCOMMO-
DATION TO A HEAD-UP DISPLAY, NASA TP-1796, February 1981

461 R. B. Lumsden, et al., THE ECONOMIC CATEGORY 3 PROGRAMME,
RAE TR-81025, February 1981

462 C. Maureau, "Head-Up Displays," THE IMPACT OF NEW GUIDANCE
AND CONTROL SYSTEMS ON MILITARY AIRCRAFT COCKPIT DESIGNS,
AGARD CP-312, May 1981

463 R. L. Newman and W. L. Welde, "Head-Up Displays in Operation
-- Some Unanswered Questions," PROCEEDINGS: ist SYMPOSIUM ON
AVIATION PSYCHOLOGY, Ohio State University APL-1-81, April
1981

464 R. L. Newman, "Head-Up Displays Operational Problems," PRO-
CEEDINGS 5th ADVANCED AIRCREW DISPLAY SEMINAR, PATUXENT RIV-
ER, September 1981, pp. 241-250

465 R. R. Ropelewski, "DC-9-80 Nears Category 3 Certifica-
tion," AVIATION WEEK, February 23, 1981, pp. 43-46



-E32-

466 M. J. Tkach, "F/A-18 Weapon System Development," CANADIAN
AERONAUTICS AND SPACE JOURNAL, 27, 1981, 242-252

467 PROCEEDINGS 5th ADVANCED AIRCREW DISPLAY SEMINAR PATUXENT
RIVER, September 1981

468 F-16 AVIONICS SYSTEM MANUAL, BLOCK 15B, General Dynamics 16-
PR1624A, November 1981

469 F-16 AVIONICS SYSTEM MANUAL, BLOCK 25B, General Dynamics 16-
PR3927A, December 1981

470 TECHNICAL DESCRIPTION: AN/AVQ-24B A--4M HUDWAC SYSTEM, Mar-
coni-Elliott, May 1981

471 J. T. Bakker, "Effect of Control System Delays on Fighter
Flying Qualities," SYMPOSIUM ON CRITERIA FOR HANDLING QUALI-
TIES OF MILITARY AIRCRAFT FORT WORTH, AGARD Symposium, Ap-
ril 1982, Paper 19

472 J. W. Clark and K. W. Goldstein, "Status of VTOL and VSTOL
Flying Qualities Criteria Development: Where Are We and
Where Are We Going?", SYMPOSIUM ON CRITERIA FOR HANDLING
QUALITIES OF MILITARY AIRCRAFT, FORT WORTH, AGARD Symposium,
April 1982, Paper 2

473 B. M. Zlson, "Holographic HUD Aimed at Package Express Car-
riers," AVIATION WEEK, December 13, 1982

474 J. H. Gard, "Holographics HUDs De-Mystified," PROCEEDINGS
NATIONAL AEROSPACE ELECTRONICS CONFERENCE (NAECON '82), DAY-
TON, May 1982, pp. 752-759

475 F. W. Hamilton, "Development and Certification of a Conuner-
cial Head-Up Display", PROCEEDINGS 26th SOCIETY OF EXPERI-
MENTAL TEST PILOTS SYMPOSIUM, BEVERLY HILLS, September 1982,
pp. 123-130

476 J. C. Hull, R. T. Gill, and S. N. Roscoe, "Locus of the
Stimulus to Visual Accommodation: Where in the World or
Where in the Eye?", HUMAN FACTORS, 24, 1982, 311-319

477 J. K. Lauber, et al., AN OPERATIONAL EVALUATION OF HEAD-UP
DISPLAYS FOR CIVIL TRANSPORT OPERATIONS. NASA/FAA PHASE III
FINAL REPORT, NASA TP-1815, August 1982

478 W. L. Martin, et al., NIGHT ATTACK WORKLOAD STEERING GROUP,
ASD TR-82-5002, June 1982

479 R. E. Smith and R. E. Bailey, "Effect of Control System De-
lays on Fighter Flying Qualities," SYMPOSIUM ON CRITERIA FOR
HANDLING QUALITIES OF MILITARY AIRCRAFT, FORT WORTH, AGARD
Symposium, April 1982, Paper 18



-E33-

480 D. P. Wagner, R. L. Newman, et al., "Risk Assessment of Ap-
proach and Landing," IEEE INTERNATIONAL CONFERENCE ON CYBER-
NETICS AND SOCIETY, SEATTLE, October 1982

481 HOLOGRAPHIC HEAD-UP DISF".AY FOR TRANSPORT AIRCRAFT, Flight
Dynamics Brochure, May 1982

482 F-16 AVIONICS: BLOCK 15B IMPROVEMENTS, General Dynamics 16-
PR1628E, July 1982

483 MINIMUM PERFORMANCE STANDARDS FOR AIRBORNE MULTIPURPOSE
ELECTRONIC DISPLAYS, SAE Aerospace Standard AS-8034, Decem-
ber 1982

484 VE-110 ELECTRONIC HEAD-UP DISPLAY AND WEAPON AIMING SYSTEM,
Thomson-CSF Brochure, 1982

485 J. E. Blaha, HEADS UP DISPLAY SYMBOLOGY DESCRIPTION, NASA
Description of Orbiter Display as flown on STS-8 and subse-
quent Space Shuttle flight, January 1983

486 R. D. Blomberg and R. D. Pepler, "Performance Evaluation of
Electronic Flight Instruments," PROCEEDINGS OF THE 2nd SYM-
POSIUM ON AVIATION PSYCHOLOGY, OHIO STATE UNIVERSITY, April
1983, pp. 17-25

487 G. P. Boucek, T. A. Pfaff, and W. D. Smith, THE USE OF HOLO-
GRAPHIC HEAD-UP DISPLAY OF FLIGHT PATH SYMBOLOGY IN VARYING
WEATHER CONDITIONS, SAE Paper 831445, 1983

488 J. P. Desmond, A HOLOGRAPHIC HEAD-UP DISPLAY FOR LOW VISI-
BILITY LANDING OPERATIONS, SAE Paper 831451, October 1983

489 A. P. Ginsburg, W. L. Martin, and H. Self, "Contrast Sensi-
tivity Performance Assessment of HUD Display Systems," PRO-
CEEDINGS OF THE 2ND SYMPOSIUM ON AVIATION PSYCHOLOGY, OHIO
STATE UNIVERSITY, April 1983, pp. 473-480

490 D. W. Hussey, "Wide Angle Raster Head-Up Display Design and
Application to Future Single Seat Fighters," 42ND SYMPOSIUM
ON IMPACT OF ADVANCED AVIONICS TECHNOLOGY ON GROUND ATTACK
WEAPON SYSTEMS, AGHIOS-ANDREAS, GREECE, October 1983

491 J. M. Kraus, FLIGHT DYNAMICS MODEL 1000 HEAD-UP DISPLAY BAS-
IC PILOT TRAINING MANUAL, Flight Dynamics 404-0071, June
1983

492 J. R. Lowe and J. R. Ornelas, "Applications of Head-Up Dis-
plays in Commercial Transport Aircraft," JOURNAL OF GUID-
ANCE, CONTROL, AND DYNAMICS, 6, 1983, 77-83

493 W. L. Martin (ed.), OPTICAL AND HUMAN PERFORMANCE EVALUATION
OF HUD SYSTEMS DESIGN, AFAMRL TR-83-95, December 1983; ASD-
TR-83-5019



-E34-

494 J. G. Oliver, "Flight Dynamics Head-Up Display," ALPA Letter
to Flight Dynamics, December 14, 1983

495 M. Parrag, "Training Pilots for Testing Airplanes with Mod-
ern Flight Control Systems," SETP COCKPIT, 18, 2nd Quarter
1983, 5-20

496 J. Payne, COMPARISON OF THE LONGITUDINAL FLYING QUALITIES OF
AN OPTIMAL PILOT MODEL, A GROUND-BASED SIMULATOR, AND AN
AIRBORNE SIMULATOR, AFIT GAE/AA/83S-5, September 1983; AD-
A135853

497 B. G. Powley, "The Cosmic HUD and Instrument Flying," TAC
ATTACK, December 1983, pp. 4-6

498 L. F. Ruhl, et al., EVALUATION OF FLIGHT DYNAMICS, INC. HUD
-- TRIP REPORT, McDonnell-Douglas C1-E87-FS-251

499 A. Schwab, "Move over EFIS, Here Comes HUD," PROFESSIONAL
PILOT, September 1983, pp. 156-160

500 B. C. Scott, et al., INSTALLATION, VALIDATION, AND FLIGHT
EVALUATION OF THE FEDERAL AVIATION ADMINISTRATION'S HEAD-UP
DISPLAY SYSTEM, FAA CT-82-92, April 1983

501 L. G. Summers and J. I. Miller, PRIMARY FLIGHT DISPLAY, A
STEP BEYOND EADIs, SAE Paper 831533, 1983

502 SYSTEM DESCRIPTION FOR FDI MODEL 1000 HEAD-UP DISPLAY,
Flight Dynamics 404-0097, November 1983

503 F-18 HEAD-UP DISPLAY/MULTIPURPOSE DISPLAY GROUP SYSTEM DE-
SCRIPTION, Kaiser Electronics Brochure C78-3514, August 1983

504 WINDSHIELD GUIDANCE DISPLAY-2 USER'S GUIDE, SFENA Brochure
A70-BY-981, November 1983

505 PROCEEDINGS OF THE HUD/INSTRUMENTS CONFERENCE, LANGLEY AFB,
TAC Headquarters, June 1983

506 TMV-980A ELECTRONIC MULTIDISPLAY SYSTEM, Thomson-CSF Bro-
chure, 1983

507 T. S. Abbott, SIMULATION OF A COCKPIT-DISPLAY CONCEPT FOR
EXECUTING A WAKE-VORTEX AVOIDANCE PROCEDURE, NASA TP-2300,
April 1984

508 T. G. Foxworth, "Advent of the Glass Cockpit," PROFESSIONAL
PILOT, November 1984, pp. 120-125

509 S. M. Herlt, et al., COMPARISON OF THE EFFECTS OF PURE AND
EQUIVALENT TIME DELAYS ON APPROACH AND LANDING HANDLING
QUALITIES, USAFTPS TR-83B-1-2, May 1984



-E35-

510 L. Knotts, J. Ball, and M. Parrag, TEST PILOT SCHOOL: FLIGHT
SYLLABUS AND BACKGROUND MATERIAL FOR THE NT-33A RESEARCH
AIRCRAFT, CALSPAN Report, June 1984

511 R. L. Newman, EVALUATION OF MD-80 HUD, Crew Systems Consult-
ants TM-84-01, February 1984

512 R. L. Newman, EVALUATION OF FDI HUD, Crew Systems Consult-
ants TM-84-03, March 1984

513 R. L. Newman and T. G. Foxworth, A REVIEW OF HEAD-UP DISPLAY
SPECIFICATIONS, Crew Systems Consultants TR-84-04, April
1984

514 B. G. Powers, SPACE SHUTTLE PILOT-INDUCED-OSCILLATION RE-
SEARCH TESTING, NASA TM-86034, February 1984; N84-20566

515 J. W. Steenblik, "The Caret, the Worm, and the Flat-footed
Duck," AIR LINE PTLOT, March 1984, pp. 6-11, 38-39

516 R. M. Taylor, "Some Effects of Display Format Variables on
the Perception of Aircraft Spatial Orientation," AGARD SYM-
POSIUM ON HUMAN FACTORS CONSIDERATIONS IN HIGH PERFORMANCE
AIRCRAFT, WILLIAMSBURG, AGARD-CP-371; April/May 1984

517 R. Warren, L. V. Genco, and T. R. Connon, HORIZONTAL DIPLO-
PIA THRESHOLDS FOR HEAD-UP DISPLAYS, AFAMRL TR-84-18, April
1984

518 PROCEEDINGS, 6th ADVANCED AIRCREW DISPLAY SYMPOSIUM, PA-
TUXENT RIVER, May 1984

519 HEAD-UP DISPLAY SYMBOLOGY AND MECHANIZATION STUDY FINAL
TECHNICAL REPORT, Midwest System Research Report, March 1984

520 MILITARY SPECIFICATION: DISPLAYS, AIRBORNE, ELECTRONICALLY-
OPTICALLY GENERATED, MIL-D-87213, September 1984

521 MILITARY STANDARD: AIRCRAFT DISPLAY SYMBOLOGY, MIL-STD-1787,
December 1984

522 INSTRUMENT FLIGHT IN SINGLE SEAT FIGHTER AIRCRAFT USING THE
HEADS UP DISPLAY (HUD), PACAF-Pamphlet-51-11, April 1984;
see also USAFE-Pamphlet-51-9

523 W. L. Augustine and C. D. Simmons, CRITERIA TO BE CONSIDERED
FOR APPROVING THE HEAD-UP DISPLAY AS THE PRIMARY 7LIGHT IN-
STRUMENT, ASD/XOR Report, March 1985

524 J. H. Iavecchia, RESPONSE BIASES WITH VIRTUAL IMAGING DIS-
PLAYS, NADC-85165-60, June 1985



-E36-

525 W. D. Kyle, HEAD-UP DISPLAYS FOR GENERAL AVIATION, SAE Paper
850902, April 1985

526 G. B. McNaughton, "Vision in Spatial Disorientation (SDO)

and Loss ,,f Aircraft Attitude or Control Awareness," PRO-
CEEDINGS 3rd SYMPOSIUM ON AVIATION PSYCHOLOGY, OHIO STATE
UNIVERSITY, April 1985, pp. 25-38

527 R. L. Newman, HUD EVALUATION FLIGHT IN NT-33, Crew Systems
TM-85-13, April 1985

528 S. N. Roscoe, "Bigness is in the Eye of the Beholder", HUMAN
FACTORS, 27, 1985, 615-636

529 B. L. Schmidt and R. Schilling, SWISSAIR MD-81: THREE WIN-
TERS OF CAT 3, Swissair Briefing Notes, 1985

530 "Jaguar Hit Trees," FLIGHT INTERNATIONAL, 19 July 1985, p.
16

531 INDICATOR GROUP, HEAD-UP DISPLAY OD-(*)/AVQ, DESIGN CONTROL
SPECIFICATION FOR F-14D AND A-6E UPGRADE WEAPON SYSTEMS,
Grumman Specification A55DCVAD051, April 1985

532 HEAD-UP DISPLAY SYSTEM, MODEL 9000, Jet Electronics and

Technology Specification, March 1985

533 FLIGHT INSTRUMENTATION CONFERENCE, PENTAGON, USAF, June 1985

534 AIRCRAFT ATTITUDE AWARENESS WORKSHOP, WRIGHT-PATTERSON AFB,
USAF, October 1985

535 R. E. Bailey, EFFECT OF HEAD-UP DISPLAY DYNAMICS ON FIGHTER
FLYING QUALITIES, AIAA Paper 86-2206, July 1986

536 R. E. Bailey, INVESTIGATION OF HEAD-UP DISPLAY DYNAMIC RE-
SPONSE AND SYMBOL ACCURACY REQUIREMENTS, CALSPAN 7205-14,
August 1986

537 H. Brantburg, A COCKPIT DISPLAY ENVIRONMENT, Ericsson Radio
Systems Report, May 1986

538 J. Desmond, IMPROVEMENTS IN AIRCRAFT SAFETY AND OPERATIONAL
DEPENDABILITY FROM A PROJECTED FLIGHT PATH GUIDANCE DISPLAY,
SAE Paper 861732, October 1986

539 U. Frieberg and S. Holmstr~m, "An Ordinary 3-Axis Horizon
Instrument Which Every Pilot Likes -- Can It Be Misleading
and Dangerous? The Answer is 'Yes'," PROCEEDINGS 30th SOCI-
ETY OF EXPERIMENTAL TEST PILOTS SYMPOSIUM, BEVERLY HILLS,
September 1986, pp. 187-199

540 J.-F. Georges, FLYING HEAD-UP, Dassault-Breguet Report, Oc-
tober 1986



-E37-

541 J. Guttman, EVALUATION OF THE F/A-18 HEAD-UP DISPLAY FOR RE-
COVERY FROM UNUSUAL ATTITUDES, NADC Report, October 1986

542 J. E. Hutchinson, THE ADVANTAGES OF A PRIMARY FLIGHT DIS-
PLAY, SAE Paper 861730, October 1986

543 J. R. Kelly and L. H. Person, FLIGHT TESTING TECS -- THE
TOTAL ENERGY CONTROL SYSTEM, SAE Paper 861803, October 1986

544 L. B. McCormack and F. L. George, "Impact of Display Dynam-
ics on Flying Qualities," PROCEEDINGS NATIONAL AEROSPACE
ELECTRONICS CONFERENCE (NAECON '82), DAYTON, May 1986

545 R. L. Newman, FLIGHT EVALUATION OF JET HUD IN PILATUS PC-9,
Crew Systems TM-86-15A, November 1986

546 R. L. Newman, THE HEAD-UP DISPLAY AS A PRIMARY FLIGHT REFER-
ENCE, Crew Systems TM-86-22, December 1986

547 J. Norman and S. Ehrlich, "Visual Accommodation and Virtual
Image Displays: Target Detection and Recognition," HUMAN
FACTORS, 28, 1986, 135-151

548 J. G. Oliver, THE ADVANTAGE OF FLIGHTPATH-ORIENTED SITUATION
DISPLAYS DURING MICROBURST ENCOUNTERS, SAE Paper 861733, Oc-
tober 1986

549 L. Ravich, "Head-Up Displays in Avionics," LASER FOCUS, 22,
April 1986, 78-84

550 S. N. Roscoe, "Designed for Disaster," HUMAN FACTORS SOCIETY
BULLETIN, 29, June 1986, 1-2

551 S. N. Roscoe, Spatial Misorientation Exacerbated by Colli-
mated Virtual Flight Display," INFORMATION DISPLAY, Septem-
ber 1986, pp. 27-28

552 D. M. Trousdale, FLYING THE FLIGHT DYNAMICS HUD: WINDSHEAR
SYMBOLOGY, ALPA Report, August 1986

553 "Displays Displayed," FLIGHT INTERNATIONAL, 13 September
1986, p. 25

554 FLIGHT DECK, HEAD-UP DISPLAYS, SAE ARP-4053/8, 1986

555 INSTRUMENT FLYING, AFM-51-37, July 1986

556 D. Hameluck and P. Stager, "The Peripheral Visual Horizon
Display: A Review," PROCEEDINGS 4th INTERNATIONAL SYMPOSIUM
ON AVIATION PSYCHOLOGY, COLUMBUS, April 1987

557 H. Hopkins, "New Horizons in Flight Displays," FLIGHT INTER-
NATIONAL, 31 January 1987, pp. 28-30



-E38-

558 J. H. Iavecchia, THE POTENTIAL FOR DEPTH PERCEPTION ERRORS
IN PILOTING THE F-18 AND A-6 NIGHT ATTACK AIRCRAFT, NADC
Report in preparation, 1987

559 R. L. Newman, EVALUATION OF THE FDI HEAD-UP DISPLAY, Crew
Systems TM-87-04, January 1987

560 R. L. Newman and R. E. Bailey, HEAD-UP DISPLAY DYNAMICS
FLIGHT TESTS, Crew Systems TR-87-12, June 1987

561 R. L. Newman and R. E. Bailey, HEAD-UP DISPLAY ACCURACY
FLIGHT TESTS, Crew Systems TR-87-13, June 1987

562 R. L. Newman, EVALUATION OF HEAD-UP DISPLAYS TO ENHANCE UN-
USUAL ATTITUDE RECOVERY, Crew Systems TR-87-14, June 1987

563 J. Reiman, "Peripheral Vision Display," AEROSPACE CANADA IN-
TERNATIONAL, January/February 1987, pp. 25-27

564 J. W. Steenblik, "Getting the Big Picture into the Cockpit,"
AIR LINE PILOT, January 1987, pp. 10-14

565 R. M. Taylor, "Attitude Awareness from Aircr-ift Head-Up Dis-
plays," PROCEEDINGS 4th INTERNATIONAL SYMPOSIUM ON AVIATION
PSYCHOLOGY, COLUMBUS, April 1987

566 PROCEEDINGS 4th INTERNATIONAL SYMPOSIUM ON AVIATION PSYCHOL-
OGY, COLUMBUS, April 1987

567 HEAD-UP GUIDANCE SYSTEM, Flight Dynamics Pilot Guide, n. d.

568 JET SERIES 1000 HUD, Jet Electronics and Technology Brochure
DL585K2, n. d.

569 JET 1000 HUD SERIES HEAD-UP DISPLAY SYSTEM, Jet Electronics
and Technology Brochure 784/2M/DL, n. d.

570 F-15 HEAD-UP DISPLAY, McDonnell-Douglas Brochure, n. d.

571 HEAD-UP DISPLAY WEAPON AIMING SYSTEM, TYPE 664, Marconi-El-
liott Brochure, n. d.

572 HEAD-UP DISPLAY WEAPON AIMING SYSTEM, TYPE 666, Marconi-El-
liott Brochure, n. d.

573 MILITARY HEAD-UP DISPLAY SYSTEM, Marconi-Elliott Brochure,
n. d.

574 80 SERIES HEAD-UP DISPLAY SYSTEM FOR TRANSPORT AIRCRAFT,
Marconi-Elliott Brochure, n. d.

575 FLEXIHUD ELECTRONIC DISPLAY SYSTEM, Smiths Industries Bro-
chure, n. d.



-E39-

576 WEAPON AIMING AND HEAD-UP DISPLAY SYSTEM, Smiths Industries
Brochure, n. d.

577 LIGHT LINE HEAD-UP DISPLAY SYSTEM, Sundstrand Data Control
Pilot Handbook, n. d.

578 VISUAL APPROACH MONITOR, Sundstrand Data Control Brochure,
n. d.

579 COLLIMATEUR A TUBE CATHODIQUE TC-121, Thomson-CSF Brochure,

n. d.

580 TECHNICAL AND OPERATIONAL DESCRIPTION OF CV-91AB, Thomson-
CSF Brochure, n. d.

581 A-7D FLIGHT MANUAL, USAF TO-1A-7D-1, n. d.

582 A-10A FLIGHT MANUAL, USAF TO-1A-10A-1, n. d.

583 F-15A FLIGHT MANUAL, USAF TO-1A-15A-1, n. d.

584 F-16A FLIGHT MANUAL, USAF TO-1A-16A-1, n. d.

585 AV-8A FLIGHT MANUAL, US Navy NAVAIR-01-AV8A-1, n. d.

586 F-14A FLIGHT MANUAL, US Navy NAVAIR-01-F14AAA-I, n. d.



-E40-

Author Index

T. S. Abbott 507
J. J. Adams 352
B. L. Alexander 223
1. D. C. Andrew 60
D. B. Armstrong 119
C. Arnoldy 163
M. Astolfi 509
A. Au 252
W. L. Augustine 11, 206 353 523

R. E. Bailey 479 535 536 560 561
J. T. Bakker 471
K. M. Baldwin 148 234
J. Ball 510
J. F. Barnette 296 297
R. N. Barrett 249
D. Bateman 326
L. F. Bateman 416
J. R. Baxter 15 21 22 354
J. T. Bear 224
R. H. Beck 69 84 85 144 147
H. Becker 120
R. A. Behan 30 70
D. Behm 250
J. L. Beilman 365
M. E. Benjamin 145
A. J. Benson 44 164
J. A. Benson 24
J. Bentley 121
L. C. Bentley 5
A. Berg 379
B. Bergstrom 45 58 71
M. Berjal 198
D. T. Berry 430
J. E. Blaha 485
R. D. Blomberg 486
W. Bollinger 108
G. P. Boucek 487
K. Bourquin 225
T. G. Bowen 353
C. L. Boyd 272
H. Brantburg 537
R. S. Bray 431 455 477 500
A. T. Brazer 500
A. D. Brown 226 380
J. Brun 387
K. Burdin 61
E. J. Burke 147 275 432
K. T. Burnette 165
M. C. Buriett 6



-E41-

A. A. Burroughs 47
K. L. Burroughs 72 147
W. R. Bylev 346

B. Caicrer 166
E. S. Calvert 3
P. Care 86
W. L. Carel 46 327
D. L. Carmack 181 199
J. J. Carroll 161
M. J. Cissano 146
I. Chancellor 251
J. W. Chappelow 168
G. T. Chisum 381
D. Chopping 298
V. A. Chorley 286 382
J. W. Clark 472
W. C. Clark 28 192
D. H. Close 252
A. R. Colgan 227
L. Collins 31
D. M. Condra 317
T. R. Connon 517
J. F. Coonrod 328 493
D. Cosley 228
J. H. Crenshaw 87
L. L. Crews 273
F. W. Cronn 204 274 315
K. D. Cross 229
R. W. Cumming 4 8
J. G. Curtin 59

W. H. Dana 123
J. W. Danaher 28
J. Davison 480
K. H. De Jong 89
W. B. DeBellis 230
I. DeBotton 88
J. L. DeCelles 147 210 275 355 383 432 453
F. E. D. Dekker 90
P. J. Deliac 91
J. P. Desmond 488 538
C. A, Deutsch]e 93
T. G., Dobie 169
T. E. Dobry 184
D. L. Dohm 299
L. L. Dopping-Hepen 456
A. R. Doucette 276 300
D. J. Dougherty 65
N. Driscoll 170
J. H. Dwyer 277

P. J. Edmunds 301
D. E. Egan 302 356
S. Ehrlich 547



-E42-

J. E. Eisele 303
C. D. Eliason 357
N. C. Ellis 122
B. M. Elson 200 473
C. L. Elworth 126
J. H. Emery 59
H. L. Ernst 329
M. N. Ernstoff 328 358 457
J. H. Ertzgaard 304

D. N. Fadden 384
I. Ferguson 60
P. B. Field 253
C. S. Finnerty 509
E. Fischer 385 433 438
B. L. Fister 268
J. A. Fitzgerald 171 172
J. G. Fox 60
T. G. Foxworth 173 232 330 359 508 513
C. Fragola 25
L. H. Frank 386
M. L. Frazier 434
E. V. Fretwell 432
U. Frieberg 174 539
E. H. Fritze 23
D. E. Fry 61
H. V. Fuller 305
P. A. Furr 191

R. F. Gabriel 47
H. G. Gaidsich 123
P. D. Gallaher 306
J. P. Galves 387
J. H. Gard 474
W. B. Gartner 148 233 331
J. P. Geddes 254
N. D. Geddes 409
L. V. Genco 493 517
F. L. George 544
J.-F. Georges 540
C. P. Gibson 360 435
R. T. Gill 476
S. B. Ginn 226
A. P. Ginsburg 436 489 493
J. H. Glover 92
T. Gold 32 33 48 93 94 124 149

192 201 255 287
K. W. Goldstein 472
M. W. Goode 307
J. E. Goodson 356
A. Graube 252
G. N. Green 332
M. R. Green 61
B. J. Greenland 125
W. F. Grether 1



-E43-

J. G. Guercio 361 390
A. Guimares 509
D. J. Gurney 380
J. Gutttman 541

K. Hahn 388
R. F. Haines 333 361 362 363 389 390 433

437 438 460
C. H. Hall 273
W. Halliday 287
D. Hameluck 554
F. W. Hamilton 439 475
V. E. Hamilton 24
R. A. Harlow 175
R. L. Harris 233 254 307
T. J. Harris 73 150
R. L. Harrison 477
S. G. Hasler 65
H. H. Hasselgring 151
D. M. Havron 16
R. K. Heffley 391
E. L. Heft 353 391
J. C. Hemmingway 477
S. M. Herlt 509
D. E. Hewes 234
R. E. Hillman 308
G. A. Hobe 458
D. A. Hodgson 176
F. C. Hoerner 235 236 393
K. J. Holden 34
S. Holmstr8m 539)
H. Hopkins 557
D.O 0. Horning 177
G. W. Hover 2
J. C. Hull 476
R. A. Hunt 306
G. G. Hupp 309
C. L. Hussey 152
D. W. Hussey 490
J. E. Hutchinson 257 278 310 542
A. Hyman 94 149

H. P. Iavecchia 364
J. H. Iavecchia 364 523 558
G. P. Intano 297 318
M. Ivins 394

S. G. Jackson 334
P. Jainski 178
D. Jarvi 459
L.L. Jenney 97 179
W. F. Jewel 391
D. Johnson 95
R. E. Johnson 7
R. K. Johnson 35



-E44-

R. W. Jones 95
R. A. Juergens 395
M. J. Jullien 96

W. N. Kama 311
R. S. Kane 153
J. S. Karmarker 312
C. R. Kelley 49
J. R. Kelly 543
A. E. Kelvin 335
J. M. Ketchell 49 97
R. M. Kiltz 336 396
F. A. Kinder 313
R. K. Kirschner 279
P. J. Klass 17
G. Klopfstein 62
S. Knemeyer 74
L. Knotts 510
D. D. Korell 154
C. L. Kraft 126
J. M. Kraus 491
G. G. Kuperman 311
R. V. Kurowsky 205
W. D. Kyle 525

Lacombe 180
F. J. La'lman 352
M. Lambert 36
G. L. Lamers 280
R. Lami 98 155
P. L. Lamy 509
J. C. Lane 4 8

Larribiere 180
J. K. Lauber 477
J. Lavernhe 281
J. A. La Russia 181
J. V. Lebacqz 365 397
R. D. Lee 493
E. F. Leitner 460
C. J. G. Lewis 135
H. J. Lewis 509
W. N. Lewis 337
J. L. Lightstone 398
G. B. Litchford 99 100
J. Long 25
M. G. Long 338
J. R. Lowe 156 366 439 492
R. W. Lowrie 440
P. Lowry 101
R. B. Lumsden 461

R. J. McCammack 299
St. J. McCloskey 237
L. B. McCormack 544
R. C. McCracken 123



-E45-

I. L. McGrath 238
J. J. McGrath 229
J. R. Machin 282
F. B. MacIntosh 272
R. Mackie 239
T. McLane 18
G. B. McNaughton 526
A. C. McTee 182 190 331
R. P. Madero 317
A. M. A. Majenda 11
E. Malinski 441
M. Martin 283
W. L. Martin 311 478 488 493
F. P. Martin 127
E. Martino 25
C. 0. Masters 500
C. H. Mattinson 37
C. Maureau 462
D. B. Middleton 258 284
D. W. Milam 434
B. Miller 128
D, L. Miller 443
G. E. Miller 451
J. I. Miller 501
J. R. Milligan 76
J. H, Mills 367
T. S. Momiyama 29 35
S. J. Monagan 442
R. Monroe 102
P. F. Mooney 26
J. C. Morrall 63 64
P. E. Morway 381
D. L. Moulton 172
G. F, Mussman 157

J. M. Naish 5 12 13 19 20 27 38
39 40 50 51 75 77 103

129 158 159 183 202 203 240
399 443 444

R. Neeland 480
R. L. Newman 173 259 339 340 367 368 369

392 445 446 463 464 480 511
512 513 527 545 546 559 560
561 562

L. Nordstrom 52
J. Norman 547
P. A. Noxon 41 53

J. E. O'Brien 275 341 432
M. L. Odle 241
J. G. Oliver 400 432 494 548
E. W. Opittek 242
J. R. Ornelas 492
W. P. Orrick 285
B. K. E. Outlaw 305



-E46-

C. Owens 314

E. A. Palmer 204 205 274 277 315
D. P. Parks 243
M. Parrag 495 510
J. Payne 496
R. Peal 228
H. Pekich 401
N. Penney 104
R. D. Pepler 486
R. F. Perry 201
L. H. Person 543
J. C. Petit 447
J. P. Petit 370
T. A. Pfaff 487
M. G. Pfeiffer 28
R. J. Phaneuf 341
C. Plummer 260
E. F. Potter 18 124 130
B. G. Powers 514
B. G. Powley 497
T. A. Price 433 438
R. H. Pursel 261

R. C. Radford 365
P. R. Ramage 9
W. E. Ramsey 29
R. J. Randle 447
K. N. Rauch 287
L. Ravich 549
A. M. Ray 122
J. C. Raynal 370
C. R. Reede 54
J. Reiman 563
J. M. Reising 206
R. Ribiere 342
G. Rigobello 509
R. H. Riordan 262
M. J. Ripley 184
P. A. Roitsch 207
A. Roland-Bille 402
J. M. Rolfe 131 168
R. R. Ropelewski 263 343 403 448 465
S. N. Roscoe 65 303 364 371 404 405 447

476 528 550 551
L. F. Ruhl 498
W. Russel 185
J. G. Ryan 132
J. J. Ryan 500

0. B. St. John 105 133
S. M. St. Leger Sea 382
A. S. Santanelli 264
B. Schiff 372
S. Schifflett 449



-E47-

R. Schilling 406 529
B. L. Schmidt 529
D. L. Schmidt 154
W. C. Schultz 106 107
A. Schwab 499
R. W. Schwartz 493
G. Schweizer 108
J. Schwelbe 265
B. C. Scott 455 477 500H. C. SeIl 489 493

C. A. Semple 102
D. J. Sheehan 208
R. Shiel 51
D. C. Short 316 344 373
J. J. Shrager 266 374
F. A. Siciliani 70
C. D. Simmons 523
W. T. Singleton 134
G. E. Skelton 186
G. R. Sleight 112 135
B. A. Smith 407
J. H. Smith 187 209 286
R. E. Smith 442 479
R. H. Smith 408 409
W. D. Smith 410 487
R. R. Smullen 253
R. P. Snodgrass 66
S. M. Soliday 76
J. P. Sones 188
J. A. Sorenson 312
D. R. Sorum 267
P. Stager 554
J. W. Steenblik 450 514 564
R. F. Stengel 451
M. E. Stormo 136
C. L Stout 77 109
P. He. Strudwick 49
H. Suisse 411
R. L. Sulzer 186
L. G. Summers 501
0. Sviden 42 43
W. F. Swartz 146 317
L. E. Swartzendruber 189

R. M. Tamura 67
M. H. Tapia 318
H. L. Task 493
R. K. Taylor 182 191
R. M. Taylor 516 565
G.J. Terhune 319 345 355 375 376 331 412

413 414 432 452 453
R. L. Therrien 210 211
C. L. Tipton 78
M. J. Tkach 466



-E48-

D. M. Trousdale 552
J. E. Tucker 244
P. E. Tyler 191

T. E. Utz 299
L. R. Uyeda 47

M. F. Von Wieser 129 212
D. Vreu Is 102

D. P. Wagner 480
R. M. Walchli 79 255 287
F. L. Wallace 110
L. Wallis 80
D. J. Walters il1
J.-C. L. Wanner 245 288
R. Warren 517
E. F. Weener 384
W. L. Welde 415 463
R. G. White 249
T. C. D. Whiteside 55
V. Wilckens 246
R. C. Williges 303 306
F. M. Wilson 81
J. W. Wilson 213 308 416
W. Wilson 493
R. N. Winner 346
B. S. Wolfe 112
P. Woodburn 417
J. D. Workman 15 48

K. R. Yenni 307
G. L. Yingling 74
P. Yiotis 192
P. E. York 285

M. Zebrowski 193



-E49-

Report Numbers

AD-613344 47
AD-648301 78
AD-703683 150
AD-726280 186
AD-726643 189
AD-742496 164 169 191
AD-744334 192
AD-747654 199
AD-787605 252
AD-825633. .... .,.. ......... 73
AD-909841L 223
AD-913524L 244
AD-916572 219
AD-920142L 268
AD-921800L 253
AD-A044484 337
AD-A074415 381
AD-A080047 386
AD-A085310 440
AD-A135853 .................. .. 496
AD-B007975L 265
AD-D002697 313
AFAL TR-73-53 227
AFAL TR-73-215 242
AFAMRL TR-80-116 445
AFAMRL TR-83-95 493
AFAMRL TR-84-18 517
AFFDL FS-68-28 118
AFFDL FS-69-58 140
AFFDL FS-69-59 ................ 141
AFFDL FS-69-60 142
AFFDL FS-69-62 143
AFFDL FS-70-61 162
AFFDL FS-72-67 220
AFFDL FS-72-68 221
AFFDL FS-76-1 323
AFFDL TM-72-9-FGR 206
AFFDL TM-72-11-FGR 197
AFFDL TR-76-52 317
AFFDL TR-78-154 ............... 409
AFFTC TR-73-48 224
AFFTC TR-76-51 334
AFHRL TR-71-20 171
AFHRL(FT) TR-72-55 172
AFIFC LR-76-2 296
AFIFC TR-73-7 241
AFIFC TR-76-1 318
AFIFC TR-76-4 296
AFIT GAE/AA/83S-5 496
AFM-51-37 ..................... 555



-E50-

AFTEC TR-76-104 309
AFTPS TR-83B-1-2 509
AFWAL TR-81-1042 457
AGARD AR-51 214
AGARD CP-55 90 91 95 96 106 108 111 113
AGARD CP-58 101
AGARD CP-59 133
AGARD CP-76 166
AGARD CP-95 164 169 191
AGARD CP-96...................165 181 187 194
AGARD CP-114 213
AGARD CP-148 249
AGARD CP-160 280 288 289
AGARD CP-167 282 283 290
AGARD CP-261 387
AGARD CP-312 462
AGARD CP-371 516
AIAA Paper 71-787 173
AIAA Paper 74-952 255
AIAA Paper 77-1241 ............ 341
AIAA Paper 78-1494 366
AIAA Paper 79-1962 451
AIAA Paper 80-1626 430
AIAA Paper 81-0130 455
AIAA Paper 86-2206 535
Army ECOM-4185 264
Army HEL-TM-22-73 230
ARL HEN-I 4
ARL HER-1 8
ARL HER-2 ..................... 15
ARL HER-14 21
ASD TR-68-5 117
ASD TR-69-110 130
ASD TR-81-5016 460
ASD TR-82-5002 476
ASD TR-83-5019 493
Astronautics TR-75081 265
BALPA 8-TEC-2/2/5 80
Boeing D6-23712TN 92
Boeing D6-41293 ............... 243
Boeing D6-60302 228
British Patent 891,255 5
Bunker-Ramo F044-7U1 79
Bunker-Ramo WP-34-307-8 259
CAL IH-2235-B-1 107
CALSPAN 7205-14 536
CALSPAN AK-58985-F-1 365
Crew Systems LR-80-03 445
Crew Systems TM-84-01 511
Crew Systems TM-84-03 ......... 512



-E51-

Crew Systems TM-85-13 527
Crew Systems TM-86-15A 545
Crew Systems TM-86-22 546
Crew Systems TM-87-04 559
Crew Systems TR-77-02 339
Crew Systems TR-78-08 369
Crew Systems TR-79-20 446
Crew Systems TR-84-04 513
Crew Systems TR-87-12 560
Crew Systems TR-87-13 ......... 561
Crew Systems TR-87-14 562
Dassault DGT-16433 411
DFVIR F8-78-38 422
Douglas DP-4951 103
Elliott 29/11/2/BO5 135
Elliott ADD-229 115
FAA AC-91-25A 216
FAA CT-82-92 500
FAA EM-74-12 266
FAA RD-68-13.....*.....00...102
FAA RD-71-60 177
FAA RD-73-168 243
FAA RD-73-210 261
FAA RD-77-166 332
FAA RD-78-31 374
FAA SS-73-25 228
Fairchild 160S417001B 320
Flight Dyn. 404-0071 491
Flight Dyn. 404-0097 502
Gen. Dyn. 16PR1467B ........... 454
Gen. Dyn. 16PR1624A 468
Gen. Dyn. 16PR1628E 482
Gen. Dyn. 16PR3927A 469
Gen. Dyn. 16ZE017C 378
Grumman A55DCVAD051 530
Hughes D-7123 327
Hughes HAC-P76-527R 346
Hughes TR-2732-01/40 46
Human Sci. Res. 421-5R 16
ICAO AWOP-BIO/16 ............. .155
IEE CP-80 168 188
IFALPA 74C95 237
IFALPA L68C20. 98
IFALPA L76C228 304
IPIS 71-3 182
IPIS 72-2 190
JANAIR 680505 97
JANAIR 680712 149
JANAIR 700407 201
JANAIR D228-420-010 ........... 59



-E52-

JET 784/2M/DL 569
JET DL585K2 568
Kaiser TR-HFR-9765-1 49
Kaiser 78-3945 426
Kaiser C78-3514 503
Link TR-59-22 7
MAC OTO-15-2-73 267
Marconi EA-08-0007-DO1 349
McDonn.-Doug. A3589 292
McDonn.-Doug. A4277-4 ......... 427
McDonn.-Doug. A5769 398
McDonn.-Doug. C1-E87-FS-251 498
McDonn.-Doug. J0812 156
McDonn.-Doug. J0878 159
McDonn.-Doug. J1409 103
MIL-F-08785C 428
MIL-D-81641 (AS) 217
MIL-D-817213 520
MIL-STD-884C 294
MIL-STD-1787 .................. 522
N84-20566 514
NADC-75267-40 285
NADC-79216-60 381
NADC-85165-60 559
NADC-AM-7042 152
NADC SD-6940 132
NAFI TR-1557 151
NAMRL Monograph 23 356
NAMRL SR-79-6 386
NASA CP-2060 .................. 353
NASA CR-189 30
NASA CR-2359 233
NASA CR-2687 312
NASA CR-3137 384
NASA CR-66912 153
NASA CR-73495 148
NASA CR-117135 179
NASA CR-152294 391
NASA HUD Report 1 362
NASA HUD Report 2 ............. 363
NASA HUD Report 3 361
NASA HUD Report 5 385
NASA HUD Report 7 433
NASA HUD Report 9 391
NASA HUD Report 10 438
NASA HUD Report 11 431
NASA HUD Report 12 444
NASA HUD Report 15 397
NASA SP-320 204
NASA TM-75205 ................. 198
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NASA TM-78565 397
NASA TM-78512 362
NASA TM-78517 363
NASA TM-78536 361
NASA TM-78771 352
NASA TM-81167 444
NASA TM-81199 431
NASA TM-86034 514
NASA TM-X-3264 275
NASA TM-X-3273................ 278
NASA TM-X-62188 205
NASA TM-X-72811 305
NASA TM-X-73170 306
NASA TM-X-82187 225
NASA TN-D-5299 123
NASA TN-D-7456 235
NASA TN-D-7760 259
NASA TN-D-8026 284
NASA TP-1276 308
NASA TP-1499 .................. 399
NASA-TP-1550 443
NASA TP-1635 446
NASA TP-1711 433
NASA TP-1720 438
NASA TP-1796 460
NASA TP-1815 476
NASA TP-2300 507
NATC FT-2211-15R-63 29
NATC FT-2222-65R-64 35
NATC SY-23R-75 ................ 287
NATC SY-24R-75 295
NATC SY-33R-80 449
NATC WST-069R-74 253
NATC WST-134R-71 184
NATRADEVCEN TR-783-1 28
NAVAIR 01-AV8A-1 585
NAVAIR 01-F14AAA-1 586
Norden 1232-R-0006 208
North Am. EM-5773 6
North Am. SEG-TR-66-67 ........ 76
NTSB AAS-73-2 247
NWC TN-404-176 273
OSU APL-1-81 463
PACAF Pamphlet-5i-l1 522
RADC TR-76-3 299
RAE CP-21663 12
RAE EL1486 3
RAE ONRL-M-4-69 127
RAE TM-BLEU-123 64
RAE TM-FS-173 ................. 360
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RAE TN-77050 332
RAE TN-IAP-1132 13
RAE TN-IAP-1138 19
RAE TR-64026 38
RAE TR-65254 51
RAE TR-66083 61
RAE TR-66195 63
RAE TR-69236 119
RAE TR-71141 175
RAE TR-73080 .................. 225
RAE TR-81025 461
RAE Translation 1545 178
Rank BR-40536 268
SAAB TN-58 52
SAAB TN-61 71
SAAB YK-37-64.B7 42
SAAB YK-37-64.B8 43
SAAB YK-37-65.R1 45
SAE ARP-4053/8 553
SAE AS-8034 ................... 483
SAE Paper 847B 41
SAE Paper 700210 154
SAE Paper 710441 185
SAE Paper 730951 236
SAE Paper 740347 256
SAE Paper 831445 485
SAE Paper 831451 488
SAE Paper 831533 518
SAE Paper 850902 525
SAE Paper 861730 .......... 542
SAE Paper 861732 538
SAE Paper 861733 548
SAE Paper 861803 543
SFENA A70-BY-981 504
Smiths Industries SI-1002 440
Sperry CA-1245-0206 18
Sperry SGD-4277-0190 93
Sundstrand 020-0026-001 218
Sundstrand 060-1624 348
Sundstrand 070-0676-001....... 195
Sundstrand 070-0936-001B 322
Sun',itrand 7101-2499-802 269
TAC TR-70A-113F 196
Thomson-CSF AVG/OP-73/169C 248
Thomson-CSF L75C124 251
TO-1A-7D-1 581TO-IA-10A-1 582

TO-lA-15A-I 583
TO-IA-16A-1 584
TSEAA-694-88 .................. 1
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United Data 060-0483-001A 161
U. of Illinois ARC-76-16 303
U. of Illinois Eng Psy-78-4 364
U. of Illinois Eng Psy-79-4 404
US Patent 3,128,623 32
US Patent 3,945,716 313
USAFE Pamphlet-51-9 522
Vought 2-14000/4R-10 271
Vought 204-16-19C 83
6594th Test Group LTR-76-8 .... 324



-E56-

Subject Index

HUD Flight Test 29 35 51 61 65 88 170 171
172 175 194 190 224 225 249 255
256 267 280 295 304 307 309 318
322 324 334 339 353 357 380 391
394 415 434 442 448 461 495 496
500 510 514 527 535 536 560 561

Simulator Studies 12 39 40 42 45 93 102 109
117 122 126 132 174 204 205 225
233 234 244 256 274 277 284 307
315 331 333 335 338 354 362 370
388 389 390 391 408 410 413 414
435 437 443 444 453 477 496 507
514 516 539 562

Contact Analog 1 2 17 43 46 52 62 148
231 232 246 251 261 278 287 319
327 413 414 421 445

Symbolic Displays 1 2 13 19 20 27 38 83
95 103 115 129 183 202 203 224

274 349 386 427

EADIs 46 76 97 101 111 154 266 294
327 346 352 384 416 458 486 501
507 521 531 537 542 544 553 564

Control Laws 32 33 111 115 156 158 174 273
366 408 409 430 431 439 442 443
444 446 451 462 471 472 479 492
495 500 509 511 513 535 536 544
560

Flying Qualities 245 408 409 428 430 451 471 472
479 495 496 509 510 513 514 527
535 536 560

Visual Guidance 32 33 43 175 195 200 202 207
218 364 439 443 444

Superimposed Fields 12 39 40 47 431 443

Accuracy/Disparity 55 94 124 149 201 333 360 433
Studies 435 493 517 561

Brightness 47 49 110 177 178 311

Visual Accommodation 55 94 360 364 371 381 404 405
447 460 476 493 524 528 547 549
550 559
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Peripheral Vision 11 23 182 189 190 556 557 563
Displays

Target Detection 371 405 433 436 438 489 493 517
528 547 550 551

Pilot Landing Problems 3 4 8 67 69 74 84 85
86 106 107 114 126 138 144 147

148 155 167 176 183 199 205 210
A411 212 216 231 237 239 247 262
270 275 288 289 290 307 312 315
317 325 326 342 345 373 375 376
380 383 412 432 445 446 512 540
548 550 551 561

ILS Approaches 22 54 63 64 69 70 74 77
(All Weather Landing) 81 82 84 85 86 106 107 114

128 129 133 137 148 155 167 173
179 180 183 185 199 203 210 211
212 213 231 237 245 247 257 261
272 275 291 304 310 312 317 342
345 347 354 355 359 362 375 376
399 402 406 407 412 413 414 417
423 431 432 439 445 446 453 455
461 477 491 492 498 500 525 527
529 538 540 559 561 564 567

Visual Cues Used in 4 16 65 176 177 216 262 303
Landing

HUD Failure Detection 40 38 56 208 275 387 402 432
440 445 446 475 480 513 522 523
546 555

Training Issues 46 171 172 196 295 324 340 351
419 420 445 446 463 464 491 495
497 505 510 522 555

Pilot Surveys 8 30 242 296 367 446 513

Holographic HUDs 73 150 357 473 474 481 490 491
494 502 538

Tactical Applications 83 222 223 224 250 276 282 292
294 309 334 349 395 426 470 478
484 490 560 581 582 583 584 585
586

Low-Level Flight 36 117 478 530

Spatial Disorientation 44 164 166 169 186 191 193 296
446 459 463 464 497 505 513 516
522 524 526 530 533 534 539 541
545 546 550 551 555 556 558 559
562 563 565



-E58-

Accident Reviews 326 342 505 533 534

Wind Shear 331 362 438 512 539 543 548 552

Reviews of HUD 15 34 57 60 79 97 151 188
State-of-the-Art 197 259 266 285 296 332 356 359

374 386 396 399 446 462 463 464
499 508 513 519 549 553 555 564

Production HUDs 72 83 91 116 118 122 132 136
140 145 170 195 197 207 218 220
222 239 248 254 260 270 271 273
276 292 322 349 350 378 386 398
421 427 429 434 439 470 475 482
485 488 491 502 503 511 531 532
567 568 569 570 571 572 573 574
575 576 577 578 579 580 581 582
583 584 585 586

A-4 386 470

A-6 184 531 558

A-7 83 122 170 222 224 242 254 271
273 295 386 581

A-10 309 320 377 403 582

AV-8 140 292 386 44C 585

F-14 132 145 276 300 386 531 586

F-15 220 250 260 334 459 570 583

F-16 349 378 434 454 468 469 482 584

F-18 398 421 427 466 503 541 558

NT-33/DEFT 415 442 495 496 509 510 527 535
536 560 561

T-38/Light Line 279 318 577

Jaguar 530

VAM 161 162 195 200 207 218 239 267
270 316 321 329 344 350 373 422
578

MARS 269 322 324 339 353

Space Shuttle 233 394 485 515

Microvision 31 37 41 53 68 261 323
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MD-80 423 429 439 465 475 510 529

PC-9/JET 9000 545

FDI-1000 473 481 488 491 494 498 502 512
515 525 538 552 559 567

TC-193/CV-91 72 91 116 118 136 180 ,48 343
A 347 402 445 580

TC-121/TC-125 206 232 237 251 278 298 304 343
400 413 414 421 579

JET 1000/9000 532 545 568 569

Boom Operator HUD 368 369 401

Military HUD 83 97 217 292 294 386 470 513
Specifications 519 520 521 531

Civil Standards 97 383 513 554

V/STOL Applications 108 127 140 192 204 214 235 236
(non helicopter) 244 249 255 258 277 284 287 292

329 335 370 386 397 440 585

Helicopter Applications 6 53 59 192 264 269 339 353
392 397 426

General Aviation 21 186 234 256 305 307 525
Applications
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